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ABSTRACT 
 
       The microbiology of the most essential food in Sudan – meat and 
meat products – was studied to detect its hygienic level and to 
determine the microbiological hazardous points during preparation at 
slaughter house and processing of products at markets, and to 
 v
recommend for controls as dictated in the Hazard Analysis and 
Critical Control Point (HACCP) system. 
     Predetermined 6 sites (Shank, Thin flank, Loin, Neck, Top site 
and Sir loin) on 10 randomly chosen carcasses were investigated for 
their loads and types of microorganisms at Kadaro slaughter house 
and followed to Khartoum North Butcher’s shops market, and 
investigated, when finally displayed for sale. 
Processed Meat products (Sausage, Minced meat, Beef burger and 
Dried meat) from same market were microbiologically studied as 
recommended by the HACCP system. 
 
 
 
 
 
 
        At Kadaro slaughter house, log10 Colony Forming Unites (log10 
CFU/cm2) of (7.82, 7.78, 7.70, 7.68, 7.63 and 5.87)  were detected in  
the median number of aerobic bacteria in Shank, Thin flank, Loin, 
Neck, Top site and Sir loin respectively and 7.7 log10 CFU/cm
2 was 
the general median number of bacteria on the 10 carcasses sampled, 
while at Butcher’s shops at Khartoum North after transport and 
display,            the median numbers in log10 CFU/cm
2 were (7.83, 7.83, 
7.83, 7.80, 7.72 and 5.80) respectively on the same 6  sites of the 10 
 vi
carcasses  and 7.82 log10 CFU/cm
2 was the general  median of the 
same 10 carcasses. 
       Detection of anaerobic bacteria sampled from Thin flanks of the 
10 carcasses at both Kadaro slaughter house and Butcher’s shops 
revealed a median number log10 CFU/cm
2 (4.87 and 5.13) respectively. 
In the processed meat the median numbers CFU/g of bacteria, 
anaerobic bacteria and for Yeasts and Moulds were: (6.60x107, 
5.05x104, and 3.00x103) in Minced meat. (4.70x107, 6.15x104, 6.60x103) in 
Beef burger, (5.08x106, 4.45x104, 2.80x104) in Dried meat, (6.14x107, 
6.90x104, 7.25x103) in Sausage respectively. 
       Investigations covered the occurrence and percent prevalence of 
Salmonella spp, Escherichia coli, Staphylococcus aureus and 
Clostridium perfringens in the meat products. 
 
 
      The detected levels of contamination were compared to local and 
international levels. Though all found above acceptable levels but the 
majority was within expected levels especially in Sudan hygienic and 
environmental conditions. Critical points were assigned at hazardous 
practices during slaughtering of animals and processing of meat 
products, and controls for good manufacturing practices were 
recommended.  
 vii
       The most important of which covers the refrigeration of meat and 
meat products and introduction of recent washing and preparation 
techniques in slaughter houses and transport of animals and meat. 
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Introduction 
The wide diversities in Sudanese cultural, economical, tribal, 
ethnic, geographical and religious status ought to have vast and serious 
hygienic implications on food. 
Food cultivation, transport, processing, retailing, preservation and 
handling when coupled with those diversities could aggravate the 
hygienic situation of food (Basset, 1981. Frazier, 1992. BanWart, 1981). 
Extrinsic or environmental parameters as temperature, relative 
humidity, gaseous content and radiations are known factors to have 
direct effects on microbial quality of food (Jay, 2005. Hobbs and 
Roberts, 1998). 
The intrinsic parameters of the food e.g. hydrogen ion 
concentration (pH), water activity (aw), nutrient content, oxidation / 
reduction potential (O/R.P), presence of inhibitory substances and 
physical characteristics of food, are basic media which inhibit or 
enhance microbial growth in food (Jay, 2005).  
Sudanese food microbial identity since affected by all these 
intermingling parameters needs scrupulous extended detailed efforts 
paid to research and scientific technical know-how if we are to improve 
food hygiene standards or to catch with the fast developing food industry 
or amend for better food legislations or promote community health. 
In this study the main objectives are to determine the 
microbiological quality of beef and beef products. In doing so the hazard 
analysis and critical control point system (HACCP) will be followed 
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(FAO, 2001) in order to know and quantify the hygienic situation of beef 
and beef products through isolation, identification and quantifying 
microorganisms (bacteria, yeasts, and moulds) that will be encountered 
and to recommend for a better and more recent hygienic methods of 
practicing and processing of meat in Sudan.     
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LITERATURE REVIEW 
 
The tissues of animals and plants which are the usual source of 
food possess natural inherent parameters having a very vital role in 
microbial growth hence limiting or augmenting their numbers in any 
type of food. Those parameters are: 
1. Hydrogen ion concentration (pH): 
It has been established Jay (2005) and Frazier (1978). That most 
microorganisms grow best at pH values around 7.0 Bacteria tend to be 
more fastidious in there relationship to pH than moulds and yeasts, with 
pathogenic bacteria being the most fastidious. 
 Adverse pH affects at least two aspects of a respiring microbial 
cell: The functioning of its enzymes and transport of nutrients into the 
cell. But still the growth ranges of pH could be affected by other growth 
parameters e.g. type of acid like citric, hydrochloric, phosphoric and 
tartaric acids – these might permit growth at a lower pH than acetic or 
lactic acids.  
 The pH range for moulds growth is (0-11), for yeasts is (1.5-8.5) 
and for bacteria is (4-9.5) Jay, (2005). 
Also the presence of certain salts and their concentrations has been 
shown to have a marked deviation in the range of pH. 
 The excellent keeping quality of fruits, soft drinks, and   vinegar is 
attributed in great part to pH, it is a common observation that fruits 
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generally undergo mould and yeast spoilage and this is due to their 
capacity to grow at pH values less their 3.5. 
 Most of meats and sea foods have a final ultimate pH of about 5.6 
and above. This makes them susceptible to bacterial as well as to mould 
and yeast spoilage.  
Table (1): Approximate pH values of meat, poultry and fish: 
          Meat and poultry: 
 Beef (ground)                                                        5.1- 6.2 
 Veal                                                                       6.0 
 Chicken                                                                 6.2- 6.4 
                                                                                        (Jay, 2005) 
 
2. Water activity; (aw) 
Microorganisms have an absolute demand for water. Man knew 
this fact and drying of food is the oldest method of preserving food. It is 
now generally accepted that water requirements of microorganisms 
should be defined in terms of Watery activity (aw) this parameter is 
defined by the ratio of the water vapor pressure of food substrate to the 
vapor pressure of pure water at the same temperature: 
(aw = P/po), where P = vapor pressure of solution and 
 Po = vapor pressure of solvent (usually water). 
      This concept is related to relative humidity (R.H) in the following 
way:     R.H = 100 × aw. (Christian, 1963; and ICMSF, 1980). 
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Pure water has aw of 1.00. 
Lowering of aw is found to increase the lag phase length hence 
decreasing growth rate and final population size. The exact amount of 
water needed for growth of microorganisms varies, bacteria being most 
affected. The lowest aw values permitting growth is:- 
Most Bacteria   = 0.90 
Most Yeasts     = 0.88 
Most Molds     = 0.80 
Halophilic bacteria  =0.75 
Xerophilic fungi    = 0.65 
Osmophilic yeasts  = 0.60 (Frazier, et al, 1992) 
      
  3. Oxidation /Reduction. Potential (O.R/P):- 
 For many decades it has been Known that microorganisms display 
varying degrees of sensitivity to oxidation / reduction potential of their 
growth medium (Jay, 2005). 
         The oxidation /reduction.Potential or (Eh.), of a food may be 
defined generally as the ease with which a substrate –or food – loses or 
gains electrons. It is said to be oxidized when it loses electrons it, while 
the one that gains electrons becomes reduced. 
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The O/R potential of the food is determined by: 
1. The characteristic O/R potential of the original food. 
2. The poising capacity (Eh); i.e., the resistance to change in 
potential, of the food. 
3. The oxygen tension of the atmosphere about the food. 
4. The access which the atmosphere has to the food. 
From the stand point of ability to use free oxygen, microorganisms has 
been classified as aerobic when they require free oxygen for growth, 
anaerobic when they grow in the absence of free oxygen, and facultative 
when they grow well either aerobically or anaerobically. Molds in food 
are aerobic, most yeast also grow best aerobically, the O/R potential is 
usually written (Eh) and measured and expressed in terms of mill volts 
(mv) a highly oxidized substrate would have a positive Eh and a reduced 
substrate a negative Eh. 
 Most fresh plant or animal foods have a low and well-poised O/R 
potential (reduced) and so resisting the effect of oxygen diffusing from 
outside. Therefore, a piece of fresh meat or a fresh whole fruit would 
have aerobic conditions only at or very near the surface, (Frazier, 1992). 
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Figure (1): Schematic representation of oxidation/reduction potential 
relative to the growth of certain microorganisms. 
Rumen content                      - 350          
Cooked meat                         - 200 
Solid meat outs,                     - 100 
and some cheese  
                                               - 42                                        
Equal conc. of O/R                        0.0  
                                                +10 
Comminuted meat                  +200                  
Fruit juices                             + 400  
         
(Jay, 2005) 
Microorganisms affect the Eh of their environment during growth just as 
they do with pH.  
 
 
 
 
4. Nutrient content: 
The constituents of food, their kinds and proportions, are determining 
factors in the types of microorganisms which can grow in that food. As a 
living thing they require the following: 
Clostridium spp 
Yeast, Mould & 
Bacillus sp 
R
educing  
A
naerobic  
O
xidizing 
A
erobic  
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A. Water.  
B. Food for energy.  
C. Source of nitrogen.  
D. Vitamins.  
E. Minerals.  
A. Water: As explained earlier water is very vital for every living cell. 
Though microorganisms have been shown to differ in their requirements 
for active water in their environment. 
           With respect to the other four groups of substances, moulds have 
the lowest requirements, followed by yeasts, gram-negative bacteria and 
Gram-positive bacteria. 
B. Source of energy: food borne microorganisms may utilize sugars, 
alcohols, and amino acids. Some few microorganisms are able to utilize 
complex carbohydrates such as starches and cellulose as a source of 
energy by first degrading these compounds to simple sugars. Fats are 
used also by microorganisms as sources of energy, but these compounds 
are attracted by relatively small of microbes in food. 
 C. Sources of nitrogen: The primary source of nitrogen utilized by 
heterotrophic microorganisms is amino acids. A large number of other 
nitrogenous compounds may serve this function for various types of 
organism. Some microbes for example are able to utilize nucleotides and 
free amino acids, whereas others are able to utilize peptides and proteins. 
In general, simple compounds such as amino acids will be utilized by 
almost all organisms before any attack is made on the more complex 
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compounds such as high-molecular weight proteins. The same is true of 
polysacrides and fats. 
  D. Vitamins and minerals: Microorganisms may require B vitamins in 
low quantities and almost all natural foods tend to have an abundant 
quantity for those organisms that are unable to synthesize their essential 
requirements. In general, Gram positive bacteria are the least synthetic 
and must therefore be supplied with one or more of these compounds 
before they will grow. The Gram-negative bacteria and moulds are able 
to synthesize most or all of their requirements. Organisms may be found 
growing on foods low in B vitamins, fruits tend to be lower in B 
vitamins than meats and this fact along with their usual low pH and 
positive Eh helps to explain the usual spoilage of these products by 
moulds rather than by bacteria.  
5. Antimicrobial constituents:  
      The stability of some foods against attack by microorganisms is 
due to the presence of certain naturally occurring substances that have 
been shown to have antimicrobial activity. Some foods are known to 
contain essential oils that possess antimicrobial activity. 
Cow’s milk contains several antimicrobial substances including 
lactoferrin, conglutinin, and the lactoperoxidase system. Row milk has 
been reported to contain a rotavirus inhibitor that can inhibit up to 106 
pfu (plague forming units)/ml. and it is destroyed by pasteurization. 
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Eggs contain lysozyme, as does milk, and this enzyme, along with 
conalbumin provides fresh egg with a fairly efficient antimicrobial 
system (Baker, 1974). The lactoperoxidase is an inhibitory system that 
occurs naturally in bovine milk .It consists of three components: 
lactoperoxidese, thiocyanate, and hydrogen peroxide, all three 
components are required for antimicrobial effects, and Gram- negative 
psychrotrophs such as the pseudomonads are quite sensitive. 
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Meat and meat products 
           Originally meat was a term used to describe any solid food, but 
has now come to be applied almost to animal flesh. As such it has played 
a significant role in the human diet since the days of hunting and 
gathering, and animals (sheep) were first domesticated at the beginning 
of the Neolithic revolution around 9000 BC. 
       Though abjured by some moral or religious grounds, meat eating 
remains widely popular today. (Adams and Moss, 2000). Meat 
consumption is often something of a status symbol and is generally for 
greater and wealthy societies. This is because large- scale meat 
production is a relatively inefficient means of obtaining proteins. It 
requires agriculture to produce a surplus of plant protein which can be 
fed to animals. With modern production techniques it takes tow 
kilograms of grain to obtain one kilogram of chicken, four for one 
kilogram of pork and eight for one kilogram of beef. 
Red meat is derived from a number of animal species (e.g. cattle, 
sheep, goats, camels and pigs). Total world production of red meat was 
estimated to be approximately 120 million tones carcass weight in 1991. 
Red meats are important in international trade with about 11 million 
tones per year being exported. Red meat has the potential to carry food – 
poisoning organisms to consumers. The food – poisoning organisms 
which can constitute a hazard in at least some meat products are 
Salmonella spp, entero-haemorrhagic Escherichia coli, (e.g. Serotype 
0157), some serovars of Yersinia enterocolitica, Campylobacter jejuni, 
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Staphylococcus aureus, Listeria monocytogenes, Clostridium 
perfringens, Clostridium botulinum and Bacillus cereus. Meats are also 
subject to microbial spoilage by a range of microorganisms including 
Pseudomonas spp, Shewanella, Enterobacteriaceae ,Brochothrix 
thermosphacta , lactic acid bacteria, ,Yeasts and Moulds . 
Definitions: 
 Meat is defined as the flesh of animals used as food, (Lawrie, 
1974). Legally and internationally and according to the Codex 
Alimentarius, the Food and Drug Administration, (FDA) in U.S.A, The 
word meat is defined as the: 
         PARTS of THE HYGIENICALLY SLAUGHTERED ANIMAL 
INTENDED FOR HUMAN CONSUMPTION. 
         This definition insure the importance of hygiene in the process of 
slaughtering of animals and emphasizing on the of the (importance) 
intention of the slaughter for human consumption. 
Red meat is primarily the voluntary striated skeletal muscular tissue of 
(red) meat animals .The muscle is made up of contractile myofibrillar 
proteins, soluble sarcoplasmic proteins e.g. glycolytic enzymes, 
myoglobin and low- molecular weight soluble organic and inorganic 
compounds. Connective tissue is in intimate association with muscle 
cells and can constitute up to 30% of total muscle protein. Fat cells 
occur subcutaneously and both within and surrounding the muscle. 
Within a muscle, fat cells are located in the perimysial space. Up to one 
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–third of the weight of some muscles may be fat. Muscle tissues also 
contain 0.5- 1% phospholipids. 
Meat as legally defined commonly includes various organs (variety 
meat or offal).The organs and other parts of the carcass that are regarded 
as edible vary between countries. The heart has some similarities to 
skeletal muscle and is composed of striated involuntary muscle, 
connective tissue and some lipid. The liver contains uniform liver cells 
with a network of blood vessels and epithelial –lined sinusoids in the 
kidney there is a net work of connective tissue which supports renal 
tubes, small veins and arteries (ICMSF, 1998). 
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Table (2) Chemical composition of muscle, after Rigor Mortis (Percent wet weight) 
?WATER:   75%
?PROTEIN:   18%
A/Myofibrillar: 
 
?Myosin, Troponin, Tropomyosin,    
actinins, M- substances =                          
7.5  
 Actin.                                                                                 =     2.5  
B/Sarcoplasmic: ?myogen, globulins                                                         =     5.6  
 ?myoglobin                                                                      =     0.36  
 ?haemoglobin                                                                  =     0.04  
C/Mitochondrial & 
connective tissue 
?cytochrome c                                                                 = 0.00
2 
 
 ?collagen                                                                         = 2.0  
 ?elastin                                                                            =   
 ?reticulin                                                                        =   
 ?insoluble enzymes                                                        =   
?FAT                                                                                          =  3.0
% 
?SOLUBLE NON-
PROTEIN:-  
                                                                                         =  3.5
% 
 
A/Nitrogenous ?creatine                                                                         = 0.55  
 ?inosine monophosphate                                                = 0.30  
 ?di-and tri-phosphopyridine nucleotides                       = 0.07  
 ?amino acids                                                                  = 0.35  
 ?carnosine, anserine                                                       = 0.30  
B/carbohydrate ?lactic acid                                                                     = 0.90  
 ?glucose – b- phosphate                                                = 0.17  
 ?glycogen                                                                      = 0.10  
 ?glucose                                                                         = 0.01  
C/Inorganic = ?total soluble phosphate                                                = 0.20  
 ?potassium                                                                    = 0.35  
 ?sodium                                                                        = 0.05  
 ?magnesium                                                                 = 0.02  
 ?calcium                                                                       = 0.00
7 
 
 ? zinc                                                                            = 0.00
5 
 
D/ Traces of glycolytic 
intermediates, trace 
metals, vitamins& etc. 
                                                                                       = 
 
0.10  
                                                                                                           (Lawrie, 1991) 
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Properties of Meat 
Meat has a high water and protein content, low in carbohydrates, 
and contains a number of low-molecular weight soluble constituents. 
(See table no 2). The vitamin content (Ug/g) of muscle is approximately:  
Thiamine 1, riboflavin 2, niacin 45, folic acid 0.3, pantothenic acid 
10, B3 &B12 0.02, and biotin 0.04. (Schueigert, 1987).The concentration 
of vitamins varies with species, age and muscle. Pork muscle has five to 
ten times more thiamine than in beef or sheep muscle vitamins tend to be 
higher in organs (e.g. Liver and kidney) than in muscle. 
Meat is a highly nutritious substrate with a aw (0.99) suitable for 
the growth of most microorganisms. Growth is primarily at the expense 
of low -molecular weight material: (carbohydrate, lactate and amino 
acids). Microbial proteolysis of structural proteins occurs at a very late 
stage of spoilage (Dainty et al, 1975).Since muscle is strongly buffered 
and the content of utilizable carbohydrate in post rigor muscle is usually 
low; microbial growth does not lower the pH significantly. 
At the death of an animal when the oxygen supply to the muscle is 
cut off, anaerobic glycolysis of stored glycogen to lactic acid lower the 
pH. Post–mortem glycolysis continues as long as glycogen is available 
until a pH is reached which inhibits the glycolytic enzymes. In typical 
muscles this is pH 5.4- 5.5.  In some muscles (e.g. Beef sternocephalicus 
muscle) glycolysis ceases at a pH near 6, even though considerable 
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glycogen remains. The ultimate pH varies between muscles of the same 
animal and between animals, and is determined by the glycogen content 
of the muscle and the accessibility of glycogen to glycolysis. The PH of 
post rigor muscle can vary from 5.4-5.5 (lactate content close to 1%) to 
pH 7.0 (very little lactate present). The lactate content of muscle is 
inversely proportional to its pH. On the surfaces of beef and sheep 
carcasses, the availability of oxygen permits aerobic metabolism to 
continue and much of the exposed surface tissue has a pH above 6 
(Carse   and Locker, 1974). 
In the live animal, the glycogen concentration of muscle averages 
1%, but varies considerably. Glycogen in pig muscle is depleted 
relatively readily by starvation and moderate exercise while in the 
muscles of cattle glycogen is more resistant to starvation and exercise. In 
both species, pre-slaughter stress (e.g. excitement, cold) deplete muscle 
glycogen. Glycogen is more concentrated in liver (2-10%) than in 
muscle and its content is also affected by pre-slaughter conditions. A 
low concentration of glycogen in muscles results in a high ultimate pH 
which gives rise to (dark- cutting) beef, or dark, firm and dry meat 
(DFD). 
 The amount of glucose in post – rigor muscle varies with pH 
(Newton and Gill, 1978) being virtually absent in muscle of pH > 6.44. 
In normal pH (5.5-5.8) muscle, glucose is present at about 100-400 
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Ug/g. (Gill, 1976). Liver has high glucose content (3-6 mg/g) which 
appears to be independent of pH (Gill, 1988). 
 By the time the ultimate pH is reached, adenosine triphosphate 
(ATP) has largely broken down to inosine monophosphate (IMP). 
During the storage of meat, IMP and inosine continue to degrade to 
hypoxanthine ribose and ribose phosphate. Ribose, inosine and IMP can 
be used as energy sources by a number of   fermentative Gram-negative 
bacteria, and ribose can be used by Brocotherex thermosphacta and a 
number of lactic acid bacteria.  
Fatty tissue has lower water content than muscle, a pH near 
neutrality with little lactate, and contains low–molecular weight 
components (glucose and amino acids) from serum (Gill, 1986). 
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MEAT MICROBIOLOGY 
 The internal tissues of a healthy animal are known to be sterile and 
free of microorganisms (Jay, 2005; Thoronton, 1976; Gracy, 1986).  
Contamination at and after slaughter seems to be the only source of 
microorganisms, their primary sources and roots are;  
    The stick knives, Animal hides or skins, gastrointestinal tract, hands 
of handlers, containers and utensils, storage environment, and Lymph 
nodes of the animal itself. 
 The major genera of bacteria, yeast and moulds that are found in 
meat and meat products before spoilage are listed bellow in Tables 5 and 
6 as stated in Jay, (2005). 
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Table No ( 3): Genera of bacteria frequently found on meats and poultry:  
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Large numbers of Yeast and Moulds have also been isolated and 
identified from meat and meat products, (Table 6). (Dillon, 1991). 
Table No (4) Genera of Fungi found on meats and poultry. 
 
 
 21
Incidence and prevalence of microorganisms in meat and meat 
products: 
 The incidence and prevalence of microorganisms in red meat and 
meat products are shown in table 5, 
Table (5) Relative percentage of organisms in red meat that meet specified 
target numbers (numbers reported are log10 cfu/g or ml)# 
products Number 
of  
samples 
microbial group/Target 
(All numbers / log10) 
%sample 
meeting target 
Raw beef patties 735 APC: log10 6.00 or less/g 76 
 735 coliforms :log2.00 or less/g 84 
 735 E.coli: log 2.00 or less/g 92 
 735 Staph. aureus:200 or less/g 85 
 735 presence of Salmonellae 0.4 
fresh ground 
beef 
1.830 APC: 6.70 or less/g 89 
 1.830 Staph.ureus:3.00 or less/g 92 
 1.830 E.coli: 1.70 or less/g 84 
 1.830 presence of Salmonellae 2 
 1.830 presence of cl. perfringens 20 
fresh ground 
beef 
1.090 APC:≥ 700 pr lees/g at 35c 88 
 1.090 fecal coliforms :≤2.00/g 79 
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 1.090 Staph. aureus:< 2.00 or 
less/g 
91 
frozen ground 
beet patties 
605 APC: 6.00  or less/g 67 
 605 E.coli: < 2.70  /g 85 
 605 E.coli: >3.00/g MPN 9 
fried hamburger 107 APC at 210C; 72 h, <3.00/g 
Absence of enterococci, 
coliforms, Staph. aureus 
79 
 107 Salmonellae  
comminuted big 
game meats 
113 coliforms: 2.00 or less/g 42 
 113 E.coli: 2.00 or less/g 72 
 113 Staph. aureus: 2.00 or 
less/g 
96 
 
Under Oregon law that was in effect at the time. 
Note: APC = Aerobic plate count; MPN = most probable number. 
    # :-Surkiewicz, 1975;   Carl, 1975;  Geopfert, 1977; and  Jay, 2005.  
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  1. MICROOGANISMS  OF  SLAUGHTER  ANIMALS: 
At birth, the digestive tract of a ruminant is physiologically as that 
of a monogastric. The rumino-reticulum complex develops quickly 
between 2-6 weeks of age when animals are fed roughage. 
        Initially, large numbers of E.coli, Cl.Perfringens, and streptococci 
are in the gut and are shed in faeces (107- 108 Cl.perfringens/g; 109 
E.coli/g). After about two weeks, Cl.perfringens declines to about 104/g 
and E.coli to 106/g at about 3 months of age, when comparing faecal 
excretion of coliforms.  The mean count for eight calves between 3 and 
8 weeks of age was log 10-7.2/g and for adult cows was log 10-4.9/g 
(Howe et al, 1976). At times, coliforms were not detected in the faeces 
of the adult animals. 
 Particularly in the first few days of life, young ruminants are more 
susceptible to salmonellae. Calves dosed with Salmonella typhimurium 
before 3 days of age were more easily infected and excreted salmonellae 
for longer periods and in greater numbers, than calves inoculated at 18 
days (Robinson and loken, 1968). At slaughter, salmonellae were also 
detected more frequently in mesenteric and caecal–lymph nodes from 
the younger animals. Young calves that are surplus to dairy farm 
requirements may be sold through markets and dealers to rearing farms. 
In England, Salmonellae have been found in 3.7% of environmental 
samples taken at calf markets and in 20 .6 % of swab samples from 
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vehicles used to transport calves (Wray et.al, 1991).  Salmonellae have 
been detected on the walls (7.6 % of swabs) and floors (5.3 % of swabs) 
at dealers’ premises (Wray, et. al., 1995). The mixing of young 
susceptible calves and their subsequent transport to rearing farms 
disseminates salmonellae. On arrival at rearing farms, the incidence of 
Salmonellae in calves is relatively low but can increase rapidly. When 
faecal samples were taken from 437 calves within 2 days of arrival at a 
rearing farm, Salmonellae were detected in 5.3% (Hinton and 
Elrasheed, 1983). After about 2 weeks on the farm, Salmonellae were 
found in 42.2% of 491 animal samples. The exertion rate of salmonella 
peaked at 2.3 weeks and then declined. This decline may be associated 
with the evolution of more adult-type intestinal flora. 
 The high concentration of volatile fatty acids and the pH of the 
fluid in developed rumen of the well fed-animal provide some protection 
to infection with salmonellae and E.coli. Viable cells of these organisms 
disappear from rumen fluid at a rate faster than expected from wash-out.  
Starved or intermittently fed ruminants are more susceptible to infection 
since Salmonellae and E.coli can then grow in the rumen. In sheep, the 
peaks of clinical salmonellosis in New Zealand during summer–autumn 
have been associated with movement and congregation of sheep for 
sheering and dipping.  
           The increased susceptibility to infection resulting from changes in 
the rumen can also affect the incidence of salmonellae in cattle and 
sheep during transport from farm to farm when feeding patterns and type 
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of feed are changed. Some of the health problems of sheep during sea-
shipment from Australia to Singapore and the Middle East have been 
due to salmonellosis which was associated with empty gastrointestinal 
tract, inappetence, and poor adjustment from grazing green pasture to 
dry feed.  
         While C.jejuni is frequently found in the lower intestinal tract of 
ruminants (incidences range 0-54%), it is usually present in numbers of 
less then 1000/g. 
       The organism occurs more frequently and in higher numbers in the 
faeces of very young calves (<3-4 weeks old).It can be present in small 
numbers (<100/g) in the rumen where it is probably only part of the 
transient flora. 
        Listeria monocytogenes can exist as a saprophyte in plant-soil 
ecosystem, and clinical outbreaks of listeriosis in cattle and sheep have 
long been linked with feeding animal’s inferior silage. High incidences 
of L.monocytogenes have been reported in the faeces of apparently 
normal cattle in Belgium, Denmark and Yugoslavia, whether animals 
were examined on the farm or at slaughter.  
          In the Danish farms, where there was a high occurrence of the 
organism is dairy cows, the organism was commonly found in the feed 
(silage from different crops). Silage and decaying vegetable material can 
contain large numbers of listeria spp. Listeria monocytogenes may also 
be found in oral–pharyngeal tissue (Table 6). 
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 Table (6). Listeria monocytogenes in red meat animals. 
Species sample site country number sampled percent positive
Faeces Belgium 25 25 
 Denmark 75 52 
 New Zealand 15 0.0 
 Yugoslavia 52 19 
Cattle 
I.R.P.N Yugoslavia 52 29 
Sheep Faeces New Zealand 20 0 
Pig Faeces Belgium 25 20 
  Denmark 172 1.7 
  Hungary  25.6 
  Yugoslavia 97 3 
 Tonsils  Yugoslavia 103 45 
I.R.P.N = internal Retropharyngeal (Microbial ecology of food 
commodities. (ICMSF, 1998)     
               Verotoxin–producing E.coli (VTEC) are frequently present in 
faeces of calves, cattle, buffaloes, sheep and goats ( Beutin et al , 1993 ; 
Clarke et al., 1994; Mohammed et al., 1985).  These VTEC strains 
belong to a large number of serotypes. Some (e.g. 05:NM, 08:H9, 
026:H11, 0111:NM) cause diarrhea or dysentery with attaching–effacing 
lesions in calves (Wray et al., 1989). Some VTEC strains belong to 
serotypes associated with diarrhea, haemorrhagic colitis (HC), or 
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haemolytic uraemic syndrome (HUS) in humans (Sandhu et at., 1996). 
However, while some VTEC serotypes in animals possess the 
attachment factors (eae gene complex and a 60 mDa plasmid) which are 
important in adhesion to intestinal cells and the development of human 
(HC) and (HUS), other VTEC strains appear to lack these factors 
(Sandhu et al., 1996). Interpretation of the importance of many of the 
VTEC strains in animals as a cause of human illness is complicated 
because some serotypes associated with HC and HUS in human also 
appear to lack the eae gene or the plasmid, and these strains may have 
other necessary binding systems. Nevertheless, a number of serotypes, 
such as 026:H11, 0111:NM, 0157:NM and particularly 0157:H7, which 
occur in ruminants are known to be important causes of diarrhea, 
haemorrhogic colitis or heamolytic uremic syndrome in human, and 
recognized as Entero Haemorrhagic E.coli (EHEC). 
          Escherichia coli 0157 have been found in the faeces of cattle and 
sheep and water buffalo (Dorn and angrick, 1991).  It has been isolated 
from healthy cattle, cattle associated with human illness, dairy and beef 
cattle, and from pasture-fed and feed-lot cattle. 
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  In most studies, the highest individual animal infection with E.coli 
0157 appears to be to occur in young calves shortly after weaning. 
Although individual animal infection with E .coli 0157 appears to be 
transient, herd infection may be maintained (Wells et al., 1991; Faith, et 
al., 1996). Drinking water may be a source of dissemination or 
maintenance of E.coli 0157 on farms. Growth of E.coli 0157:H7 in 
rumen fluid is restricted by the pH and volatile fatty acid concentration 
in well-fed animals, but is not when the animal is fasted for 24 hours 
.Feed deprivation could play a role in the spread of the organism. 
    Large populations of microorganisms are present on the hide and 
fleece and are composed of normal resident skin flora (e.g. micrococci, 
staphylococci and yeasts) and organisms, including Salmonella, 
L.monocytogenes, derived from the environment (soil, pasture, 
faeces).Staphylococcus xylosus is the major species of that genus found 
on cattle hide (kloos, 1980). The skin of sheep and goats carries 
relatively large populations of Staph.xylosus and Staph.lentus. 
Staph.aureus can be found in udders, teat canals and milk, particularly 
when animals are mastatic. In colder climates there is a greater 
proportion of psychrotrophic flora on the hide and fleece than wormer 
climates. Growth on wet hide or fleece can change the numbers of some 
types of microorganisms. The amount of faecal material on the skin 
under feed-lot conditions can be large (several kg). Consequently, there 
is considerable variation in the microflora from animal to animal and site 
to site on the hide and fleece. During transport of sheep and cattle from 
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farms to slaughterhouses, Salmonella and other organisms shed in the 
faeces (e.g. L.monocytogenes and E, coli 0157:H7) will contaminate 
transport vehicles, markets and slaughterhouse holding areas. The short 
survival time of C.jejuni in the environment most likely will not allow 
this organism to accumulate anywhere near to the extent of salmonellae. 
The longer animals are held before slaughter, the greater the salmonellae 
contamination of the outside of the animals, and the greater the 
incidence of salmonellae in the intestinal tract. The incidence of 
salmonellae in cattle faeces can be 10 times that on the farm. When 
sheep awaiting slaughter were held for 7 days, the incidence and number 
of salmonellae on the fleece, in the rumen and in faeces are increased 
with time of holding (Gray and Smith, 1974) 
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 Table (7) Salmonella in animals at slaughter  
presence of positive sampler country  species 
faeces MLN HLN liver Gall bladder spleen 
calf   0.7    Canada  
cattle  15 1.2    
Denmark pig 3 4     
England  calf 1.1 1.3 2.2 1.3 0.6  
calf 4.9 6 3.1 0.7 6.4 1.2 Holland  
cow  0.3     
goat 2.6 2.3  0.7  0.3 India  
sheep 2 1.2  0.2  0.1 
calf 4.2 2.1  1.6  2.9 
cattle 9.4 7.2  2.2  1.6 
New Zealand 
sheep 1.7 4     
North 
Ireland  
cattle 7.6    4.7  
Saudi Arabia 
USA  
sheep 
&goat 
4.7 14.7    0.8 
 cattle 0.6 0.4     
 (ICMSF, 1998) 
MLN: Mesenteric Lymph Node. HLN: Head Lymph Node. 
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2. MICROORGANISMS  AT  SLAUGHTERING  PROCESS: 
                    
                     Pre-mortem inspection should remove from slaughter 
excessively dirty and obviously diseased animals. However, inspection 
cannot prevent slaughter of stock carrying human pathogens in the 
intestinal tract or on the hide or fleeces .During slaughter and dressing, 
head, hide or fleece hocks and viscera are removed. These operations are 
important. The object is to do this with as little contamination as 
possible of the exposed sterile carcass tissue and of edible offal. The 
rumen, lower intestinal tract and the hide and fleece all carry very large 
numbers of microorganisms.  
 Faeces may contain up to 106 spores of Cl. perfringens /g (smith, 
1961) as well as salmonellae at levels of up to108 /g, C.jejuni, and 
L.monocytogenes (table, 6). In the faeces of healthy bobby calves there 
can be 106 viable cells of C.jejuni, though numbers are fewer in more 
adult animals (Gray, 1988). Rumen fluid may contain salmonellae and 
C.jejuni in low numbers. The hide and fleece can carry considerable 
numbers of salmonellae. Patterson and Gibbs (1978) found up to 4×106   
salmonellae/g on cattle hair, and 200 salmonellae/cm2 on sheep fleece 
(Gray and Smith, 1974). Listeria monocytogenes also could be on hides 
and fleeces (Lowry and Tiong, 1988). Yeast (e.g. Candida Cryptococcus 
and Rhodotorula spp.) usually form only a small percentage of the 
microflora but can be as high as 12.7% of the microbial load (Dillon and 
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Board, 1991). Hooves usually also carry a large microbial population. 
Scrapings from cattle hooves yielded 260 Salmonellae/g. A high 
percentage of Staph.aureus strains from mastatic goats, sheep and cattle 
were reported.  
The equipment used in the slaughter-dressing operation, and the 
hands and clothing of personnel can contaminate and spread 
contamination from animal to animal. 
    Unless properly cleaned, saws, steel-mesh knives and other equipment 
carry a high bacterial load and can be sources of contamination. 
Intestinal tract material (rumen and lower intestine) is most likely to be 
the major source of E. coli, Salmonellae, C.jejuni, Cl. Perfringens and 
other Clostridia for carcass and offal.  
Hide and fleece add most of the mesophilic aerobic (including 
bacilli) and the psychrotrophic (including psychrotrophic yeasts) to the 
carcass, the skin is also a source of Staphylococci, L.monocytogenes and 
Clostridia. 
 The extent and nature of contamination of carcass and offal meat 
are reflections of the microbial status of the animal as presented for 
slaughter, and the care and standards of hygiene and sanitation used, 
(ICMSF, 1998). Chilling of carcasses and offal prevent growth of 
mesophilic pathogens and reduce the growth rate of psychophysics 
pathogens and spoilage organisms. 
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Slaughter:- 
 After animals are stunned they fall to the floor where the hide can 
pick up faecal contamination, the hide of calves and cattle can acquire 
salmonellae or C.jejuni, there can also be increases in the incidence of 
L.monocytogenes on cattle hide after stunning, and this organism has 
been found on the floor of stunning area. 
 It is possible for bacteria on the instruments used in slaughtering to 
contaminate some deep tissues through the blood stream (Mackey and 
Derrk, 1979). When the end of captive blot, heavily coated with bacteria, 
penetrated the skull of cattle, the organism could be recovered from the 
spleen but not from muscle. When cattle were pithed with heavily 
contaminate pithing rods, bacteria were found in the spleen and, at times 
in muscles of the neck and flank. Bacteria from inoculated stick-knives 
(108-1011 cells) were isolated from the blood and some times from the 
heart, liver, kidney, spleen and lung of sheep, though rarely from 
muscles. With relatively modest hygiene it is unlikely that muscle is 
often contaminated by either the stick – knife or captive bolt. After the 
neck skin of cattle is cut, the knife is decontaminated before the carotid 
blood vessels are severed. The relative ease with which sterile muscle 
can be obtained for experimental purposes from normal animals suggests 
that muscle is essentially sterile. 
Inadequate bleeding of carcasses at slaughter and the blood content 
of muscle appears to have no effect on microbial growth on meat or the 
keeping quality (Gill ,1991) though this might not be true as seen by 
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other researchers (P.Sanosi, personal contact). The Oesophagus is 
cleared from surrounding tissue and tied or clamped close to the ramen 
to prevent leakage of rumen fluid which would contaminate the neck 
and, during evisceration, the pleural region with bacteria .Contamination 
from lower–intestinal tract material is more of a hazard – due to higher 
level of Enterobacteriaceae.  
Skinning:- 
Most of the microbial load on the carcass is derived from the skin, 
hide or fleece during skinning. Bacterial contamination includes the 
normal skin flora as  well as organisms from soil and faeces which are 
on the skin , and includes Yeasts, Bacilli Micrococci, Staphylococci, 
Corynibacteria, Moraxella, Acinetobacter, Flavobacteria, 
Enterobacteriaceae , E. coli ,Salmonellae  and Listeria spp, ( ICMSF, 
1998) . In New Zealand, cattle hide and sheep fleece appear to be the 
major source of L.monocytogenes on the carcass (Lowry and Tiong, 
1988). The predominant contamination is mesophilic the percentage of 
psychrophiles varies with season and geographic location. Some times 
animals are washed before slaughter to remove loose dirt; however it is 
not clear whether per-slaughter washing has any significant effect on 
microbial contamination of carcass (Roberts, 1980, Gill, 1990). 
Hocks are removed and incisions through the skin are made along 
the inside of the legs, along the neck, sternum and abdomen and around 
the anus. Knives and operator's fist are used to separate the skin from the 
underlying hock and skin become heavily contaminated, as do their 
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knives, steels and clothes. Salmonellae can often be found on the hands 
and equipments of these workers (Smeltzer et al, 1980, Stolle, 1981). In 
one study in Germany, the highest contamination of carcasses with 
salmonellae was associated with removal of hooves and freeing of skin 
around the legs (stolle, 1981) L.monocytogenes has been found on the 
knives and hides (Gobat and Jemmi, 1991). The incision through the 
contaminated skin carries microorganisms on-to the carcass tissue. The 
knife blade and handle and the hands of the operator –as these are used 
to free the skin– transfer organisms mechanically onto the carcass. 
Bacterial numbers are highest on region of the carcass where the initial 
manual removal of the skin takes place and lowest where skin is 
mechanically pulled away (Kelly et al., 1980).  The brisket is a site, 
which is usually considered a dirty site in terms of total bacterial 
contamination. Organisms are also transferred to the carcass when fleece 
or hide contact tissue, or when exposed tissue, is handled by operators.  
         Cutting the skin around the anus and freeing the anal sphincter and 
rectal end of the intestine are major source of carcass contamination with 
E. coli and salmonellae, and presumably also with C.jejuni. The hide and 
skin around the tail are often contaminated with faeces. Care taken 
during this operation is critical in limiting faecally derived 
contamination. Samples taken immediately after tissue was exposed 
during hide removal showed that there was considerable more 
contamination with E.coli and salmonella of the perianal and rectal 
channel than of hind–leg or brisket. The rectal end of the lower intestinal 
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tract of beef animals is often enclosed in a plastic bag to limit 
contamination of the rectal channel and abdominal cavity. During 
subsequent carcass trimming some of the contamination on the fatty 
tissues around the anal opening is removed. In the operation of releasing 
the anal sphincter and rectum of sheep, the operator may handle the 
anus, and with his hand then handle the exposed tissues of the hind leg. 
After the anal sphincter and the rectum are cut free, there can be about 
100–fold increase in E. coli and a significant increase of Salmonellae on 
sheep carcasses without any detectable increase in the total aerobic 
viable count (Gray, 1986). 
During mechanical hide pulling on cattle, the intestine may be 
occasionally squeezed through cuts in the abdomen, made from the 
initial knife incision, and the intestine may rupture contaminating the 
abdomen and chest regions. 
Evisceration:  
As part of the evisceration process, the brisket is cut, the abdomen 
is opened, and the organs of the thorax and abdomen are removed. 
Offals are separated from the viscera and inspected. Care is needed to 
prevent puncture of the rumen during brisket cutting.  
     Similarly, use of the correct style of knife and care by eviscerator to 
prevent the knife piercing the rumen or intestinal tract is needed. 
Puncture of intestine or spillage of its content can cause massive 
contamination of the carcass and offals. 
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Compylobacter can occur in bile (Bryner et al. 1972). The gall–
bladder and mesenteric and hepatic lymph nodes can be infected with 
salmonellae (table 10). Normally, salmonellae are found in less than 
10% of these lymph nodes. However in cattle and sheep held for some 
days in contaminated abattoir environments more than 50% of jejunal, 
caecal and colonic lymph nodes can harbour Salmonellae (Samuel et al, 
1981), be more than 7500 Salmonellae/g of mesenteric, nodes (Samuel 
et al., 1980). In cattle where there was a high incidence and a high count 
of salmonellae in these nodes draining the lower intestine, infections of 
the tonsils, retropharyngeal, rumenal and abomasal nodes were rare. 
Salmonellae were also not found in the tracheobronchial, caudal 
mediastinal, lumbar aortic, medial iliac, superficial inguinal or caudal 
deep cervical lymph nodes. In spite of a high infection rate of mesenteric 
lymph nodes, spread beyond is limited. Organisms that spread 
systematically appear to be localized in the spleen or liver. Following 
intranasal inoculation of sheep with Salmonellae (103-104 cells), 
Salmonellae could be isolated from lymph nodes of the head and neck 
region of some infected animals (tonsil, suprapharyngeal, mandibular, 
parotid and bronchial nodes (Tannock and Smith, 1971).  
Incision of lymph nodes can contaminate the hands knives of 
veterinary inspectors and salmonellae can then spread to edible tissues. 
Requirements for lymph node incision have been considerably reduced 
in recent years. Though salmonellae are occasionally present inside 
livers, significant contamination of the liver surface occurs during 
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evisceration and separation from other viscera, and from the hands and 
knives of veterinary inspectors (Thomas, 1981). Livers and offals 
become contaminated also with C.jejuni. General contamination of the 
heart, liver and diaphragm of cattle and sheep has been shown to take 
place during removal from carcass cavity, from contact with the 
evisceration table, and from handling during separation of the different 
organs (Sheridan and lynch, 1988). 
Trimming and washing:- 
 Trimming and washing are done to improve the appearance of the 
carcass and remove blood, bone dust, hair and soil. Trimming will 
remove some bacterial contamination, washing remove some bacteria 
and redistributes some organisms from one site to another. The 
effectiveness of washing varies with temperature, pressure, and volume 
of water and the design of the system and time spent.    
Washing with water at less than about 40-50co tends to give 
relatively small and variable reductions in bacterial contamination. 
Counts at more highly contaminated sites may be reduced, while counts 
are unchanged at sites with an initial low level of contamination (Kelly 
et al, 1981). Sheridan (1982) obtained a reduction of 60-fold in the 
microbial load on sheep carcasses, but the mean initial counts on the 
sites sampled appear to be high (log10 x 4.6-4.9/cm2). Raising the 
temperature of the wash water  above 800c tends to give a better 
reduction in carcass contamination, but even then the reduction may be 
small (Patterson, 1968).When a spray system is used to wash carcasses, 
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there is a marked fall in the temperature of the water after it leaves the 
nozzle. When the temperature of sprayed water at impact on the carcass 
is 56-63oC, the psychrotrophic population is reduced about 10-fold. At 
impact temperatures of 65oC , the reduction in the mesophilic load still 
tends to be variable (log10 x0.2-09). Impact temperatures of 80oC  and 
above appear to be needed to give at least a 10-fold reduction in the 
numbers of mesophiles on carcasses (Kelly et al; 1981). 
 For hot water to be effective, all surfaces of the carcass need to be 
contacted for sufficient time. Though immersion in water at 80co for 10 
seconds seems to achieve this and reduces the coliform and mesophilic 
count on the carcasses by between 10 and 100 fold, but is not a practical 
procedure. An automatic hot water wash–cabinet designed to distribute a 
continuous stream of water over all surfaces of a beef-side and prevent 
heat and vapour loss to the environment, can give more than more than a 
log10 2 reduction in numbers of E.coli on the surfaces of beef sides 
(Smith and Davey, 1990). Experiment with this system show that the 
temperature of the film of water at the carcass surface must be above  
55oC for there to be any significant lethal effect. 
 The addition of chlorine to wash water appears to have only a 
small effect on reduction of contamination (Kelly et al; 1981). Normally 
there is not more than a five-fold reduction in microbial count. Low 
concentrations of chlorine (20-30mg/L) give some reduction which is 
not markedly changed with increasing chlorine concentration. 
Populations of E. coli on beef were not significantly reduced by 800 
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ppm chlorine (Cutter and Siragusa, 1995). Both acetic and lactic acid 
solutions, when applied to carcass surfaces, reduced bacterial 
contamination. A 1% solution of lactic acid reduced the mesophilic 
count on beef, veal and pork carcasses between log10 0.8 and 1.9. Both 
acetic and lactic acids have a residual affect, reducing the rate of 
microbial growth on chilled meat. However, acid sprays appear to 
produce little reduction in E.coli and Salmonella on meat surface 
(Brackett et, al. 1994). 
         Normally, washing has only a small effect on the overall microbial 
load on the carcass. If special systems are used (such as water at high 
impact temperature, lactic or acetic acid solution), significant reduction 
in bacterial contamination is possible. In such a case, temperature, time 
of application, concentration and/or volume will need to be controlled to 
ensure efficient operation of the system. 
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Table (8): Bacterial numbers on beef carcasses before chilling 
EEC country a 1 2 3 4 5 6 7   
Survey 1 
Mean log10 CFU/cm2 (30oc) 3.85 2.77 2.29 3.14 2.45 2.75 3.23   
Enterobacteriaceae (%+V) 74 67 39 79 47 79 61   
Survey 2 
Mean log10 CFU/cm2(30oc) 3.78 3.15 2.35 3.50 2.48 3.11 3.33   
Norwayb  1 2 3 4 5 6 7 8 9 
Mean log10 CFU/cm2(20oc) 2.46 2.24 2.87 2.09 2.56 2.42 2.36 1.98 2.23
Englandc  1 2 3 4 5 6 7 8  
Mean log10 CFU/cm2(37oC) 2.68 2.98 1.83       
Mean log10 
CFU/cm2(20oC/30oC) 
3.12 2.95 2.03 3.03 3.06 3.60 3.57 3.76  
Mean log10 CFU/cm2(1oC) 1.96 1.83        
Enterobacteriaceae (% +ve) 19   66 70     
Coliforms (% +ve)  17  19       
Other countries  NZ In1 In2       
Mean log10 CFU/cm2(25oC) 1.85 3.62 4.02       
Mean log10 CFU/cm2(0oC) 0.56         
Coliforms (%> 10/cm2)  77.3 85.7       
Salmonella (%positive)  15.5 13.6       
a = Samples obtained at seven countries. 
b = Samples obtained at nine abattoirs.  
c = Samples obtained at eight abattoirs. 
NZ=New Zealand.      In = India. 
(ICMSF, 1998) 
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Cattle and sheep carcasses, at completion of hygienic slaughter and 
dressing, can typically have on their surface tissues about 102-104 
mesophiles/cm2. (Tables 8 and 9). Count consistently above 
about105/cm2 indicates that more care is needed in carcass dressing 
(Mackey and Roberts 1993). A large proportion of the organisms are 
Gram-positive (e.g. micrococci. staphylococci, coryniforms). 
enterobateriaceae and coliforms can be detected (table 8 and 9) usually 
in small numbers (e.g. only 2% of 182 swab samples from beef 
carcasses had more than 11 CFU of enterobacteriaceae/cm2. Potential 
pathogens that may be present include Salmonella spp 
enteroheamorrhagic.E.coli; C.jejuni; Staph.aureus; L.monocytogenes; 
B.cereus; Cl.Perfringens and occasionally Cl.botulinum. The 
psychrotrophic population will have a variable percentage (from about 
0.2-10%) of the mesophilic count.  The proportion of psychrotrophs 
varies with ambient temperature so that there will be both seasonal and 
geographical differences. Psychrotrophs that may be found on carcasses 
include Pseudomonas, Acinetobacter, Psychrobacter, 
Enterobacteriaceae, Broch. thermosfacta, lactic acid bacteria and yeasts 
(Cryptococcus, Candida. and Rhodotorula spp.).  
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Table (9): Bacterial numbers on sheep carcasses before chilling 
 
a =Abattoirs in England. Samples obtained by wet-dry swabbing of 100 cm2 at each 
of 10 sites on each carcass. Aerobic viable count determined by incubation at 37°, 
20° and 1°C. Mean log10 number is the mean log10 values for all sites (Roberts et 
al., 1980b). 
b =Abattoir in Ireland. Samples obtained by wet swabbing of 25 cm2 at each of 12 
sites on each carcass before spray washing (Kelly et aI., 1980). 
c =Abattoir in New Zealand. Samples obtained by wet swabbing of 10 cm2 at two 
sites on each carcass (Newton et al., 1978). 
d =Abattoir in Australia. Samples obtained by dry swabbing of 100 cm2 at each of 
10 sites on each carcass immediately after spray washing (Gray, 1978). 
e =Aerobic viable count determined by incubation at 25°C. 
f =Aerobic viable count determined by incubation at O°c. 
g =Mean log10 CFU E. coli/ cm2. 
h =Abattoir in Spain. Samples obtained by swabbing, and excision of the swabbed 
Abattoir Ela E2a E3a E4a E5a E6a lrelb NZc Austd Sp
h 
Mean log 10 
CFU/cm2 (37°C) 3.18 3.01 
 
2.5
4 
 
2.8
4 
 
3.2
5 
 
2.76 
    
Mean log 10 
CFU/cm2 (30°C) 
         
4.96 
 Mean log 10 
CFU/cm2 
(20°C/25°C) 
3.45 3.13 2.67 2.90 3.32 3.13 3.77e 2.78e 3.18e 
 
Mean log10  
CFU/cm2 (7°C) 
         
4.48
Mean log10  
CFUlcm2 (1°C) 2.13  
     
O.77f   
Enterobacteriace
ae (% positive) 
57 48  69      
 
Coli forms (% 
positive) 
44 28 18 59     (0.99)
g  
No. carcasses 18 6 6 12 6 6 7 29 10 8 
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and scrapped areas of 45 cm2 at each of the three sites on each carcass (Prieto et al., 
1991). 
 
 One survey of dressed camel carcasses (Hamdy, 1981) found 
counts of 3.6x105 mesophiles, 4.8x103 Enterobacteriaceae. And 2.2 x103   
Staph. aureus /cm2. 
 Offal can have on surface about 103-105 mesophiles/cm2 (Table 13) 
The flora on offal is similar to that on carcass, being mainly Gram-
positive, but Enterobacteriaceae can be a significant percentage of the 
initial flora (Oblinger et al., 1982). Several hundred bacteria per gram 
can be found in the internal tissue of liver. Internal tissues of the open 
sinusoidal structure of organs like liver can be contaminated during 
organ removal from the carcass (Gill, 1988). 
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Table (10).  Bacterial counts (log10 CFU/cm2) on offal before chilling:  
 
Tail Tongue DiaphragmKidneyHeart liver Species 
- 5.99 6.46 3.73 3.72 4.35 Beef 
4.45 4.97 4.86 - 4.58 5.51  
4.86 4.98 3.75 4.72 4.61 4.55  
- - - 2.77 2.28 2.50  
- 3.69 - - - 3.36  
- 4.20 - 3.51 3.92 3.69  
- 3.61 - 3.66 3.85 3.58  
- 2.32 - 2.85 3.13 2.61  
- 6.38 5.46 - 4.92 4.62 sheep 
- - - 3.29 3.05 4.23  
- 4.28 - - - 3.18  
- - - 3.80 3.04 3.28 pig 
- 5.76 - - - 4.04  
- - - - - 4.78  
- - - - - 3.28  
- - - - - 3.27  
(ICMSF, 
1998) 
 - - - 1.60  
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Chilling: 
 Chilling is a critical control point in the (HACCP) system. 
Adequate chilling prevents the growth of thermophilic and mesophilic 
pathogens (e.g. salmonella), and limits growth of Psychrotrophs.  
 Carcasses of sheep & young calves and sides of beef are chilled in 
air. Air temperatures are usually maintained-except for the period during 
loading of the chiller-at less than 7-8oc. The temperature used depends 
on the species and subsequent stages of production. If beef or sheep is to 
be taken directly from slaughter house-at least 18-24 hours from 
slaughter air temperatures below 7oc are used. If the meat is for chilled 
or frozen trade as carcasses, sides or quarters, it is often chilled with air 
near -1 to 2oc. Rapid chilling causes cold-shortening and toughening of 
meat (lawrie 1991). This is largely prevented by electrical stimulation 
after stunning.  
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Table (11): Bacteria on chilled beef carcasses: 
Result No. of carcasses examined Organism 
93.1 %  < 104/cm2 2089 Aerobic plate count  
96.4 %  < IOO/cm2 2089 Coliforms  
95.9 %  < lO/cm2. 2089 E.coli 
4.2 %  positive.             2089 Staph.aureus 
2.6 %  positive  2079 Cl.perfringens 
4.1 %  positive. 2089 L.monocytogenes 
4 %  positive. 2964 C.jejuni /coli 
1%  positive. 2089 Salmonella  
0.2 % positive. 2081 E.co1i 0157:H7 
 
USDA Nationwide Beef Microbiological Baseline Data Collection  
Program: Steers and Heifers (FSIS. 1994; McNamara., 1995).  
 
 Initially, water is lost from surface tissue at a rate dependent on the 
difference in temperature between surface tissue and the surrounding air. 
As the surface temperature falls and approximates that of the air, the rate 
of evaporation depends on air speed and relative humidity. In the first 
stage of chilling, surfaces become dry. Later, as the rate of moisture 
movement from within the tissue to the surface exceeds the evaporation 
rate, the surface rehydrates. Fatty tissue tends to remain dry since there 
is less moisture migration from subsurface tissue. The lowering of 
surface water activity aw which accompanies air chilling prevents 
microorganism’s growth, and is lethal to some. Campylobacter is 
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particularly sensitive to this drying of surface tissue. Mesophiles are held 
in check by lowering water activity until the surface temperature falls 
below 7-8oC when temperature prevents growth (e.g. of Salmonella, 
E.coli). Psychrotrophs are controlled by the lowered water activity for 
some time, but eventually grow.  
 The extent of surface drying varies at different sites on the carcass. 
Drying and microbial control is readily achieved on the thickest and 
slowest cooling portions of the carcass. At such sites there can be 
significant decrease in the number of microorganisms (e.g. 
psychrotrophs and E.coli). On thinner regions of the carcass, drying is 
less and there is a greater tendency for growth of psychrotrophs (e.g. the 
neck and parts of the abdomen of beef sides). In sheep carcasses, the 
body cavity and flap surfaces are likely to undergo the least drying 
during chilling. 
 When there is contact between carcasses, contacting surfaces will 
remain warm and moist and significant growth of mesophiles can occur. 
Thus, spacing of carcasses is important for microbial control. 
 The doors and walls of chillers can be a source of contamination of 
carcasses with psychrotroph and with Listeria.(Gobat and Jemmi, 1991).  
 A recent extensive USDA-FSIS survey of chilled steer and heifer 
carcasses indicates the microbiological profile that can be expected 
under good manufacturing conditions (table12). 
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Table (12). Bacteria on chilled beef carcasses       
Organism No of carcasses examined Results 
Aerobic plate count    
Coliforms 
E.coli 
Staph.aureus 
Cl.perfringens 
L.monocytogenes  
C. jejuni 
Salmonella 
E.coli 0157:H7 
2089 
2089 
2089 
2089 
2079 
2089 
2964 
2089 
2081 
93.1% ≤ 16 ⁄cm2 
96.4% ≤ 100 ⁄ cm
95.9% ≤ 10 ⁄ cm 
4.2% positive 
2.6% positive 
4.1% positive 
4% positive 
1% positive 
0.2% positive 
                                                       (FSIS, 1994; McNamara, 1995) 
Bone-taint is the development of putrid or sour odours in the deep 
tissues of the carcass, and associated with slow cooling of deep tissues 
and with heavy carcasses which have a thick lager of fat. Bone taint is 
detected in hip-joint. Microscopic examination has shown the presence 
of spore-forming, Gram positive rods and cocci from femur joint and 
surface tissue of bone-taint. 
   Offals:  Offals often have a higher initial contamination and are 
more likely to be contaminated with pathogens than carcass meat. 
 Slow cooling of offals can result in significant increases in 
bacterial numbers (Sheridan and Lynch, 1988). Contacting surfaces may 
remain moist and may remain above 100C for very long time. In bulk-
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packed offal, even when placed in a freezer, the temperature may remain 
above 100c for 6-15 hours. In such frozen offal, growth can result in 
more than a 100-fold increase in the numbers of E.coli and (Gill and 
Harreson, 1985). Measurements of the temperature history during 
chilling and freezing allow the extent of proliferation of E.coli (and 
hence of salmonellae) to be calculated. The lack of surface drying is an 
important factor in incidence of C.jejuni. Poor shelf-life of offals is often 
a result of inadequate chilling. 
 During storage and transport temperature is critical in limiting 
microbial growth. 
 After the initial chilling phase, the microbial flora on carcasses is a 
mixture of mesophiles and psychrophiles. The types of microorganisms 
which grow and their growth rates are determined by the storage 
temperatures and the surface water activity (aw). When maximum 
storage life is desired, carcasses are stored and transported at 
temperatures of -1 ± 0.5Cº and with some controlled weight loss. 
Normally storage temperature are 3-5Cº where storage life is about half 
that at 0ºC.  
  
Under most conditions, Pseudomonas are the fastest growing flora. 
The percentage of Psychrobacter, Moraxella and Acinetobacter usually 
declines during storage. Psychrotrophic Enterobacteriaceae form a 
minor percentage. Broc.thermosphacta is the major Gram-positive 
organism growing on chilled carcass meat. The slower growing 
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micrococci and yeasts are favoured by dry conditions. These become a 
significant proportion when relative humidity of the air and its speed 
over the carcass result in a low surface water activity. High numbers of 
Staph.aureus have been reported also on carcasses. Counts of above 103 
staph.aureus ⁄cm2 were found on 2.4% of carcasses, with a few carcasses 
having counts of 106 Staph.aureus ⁄cm2. (ICMSF, 1998). Growth of 
Staph.aureus is expected on carcasses if poor chilled storage conditions 
and bad hygiene and allowed temperatures to be above 7-10ºC for long 
periods while drying of surface repressed growth of the normal spoilage 
flora. Because of the lower water content of fatty tissue, drying occurs 
more readily on this tissue. Diffusion of water in lean tends to maintain 
sufficient moisture for the growth of Pseudomonas, though at reduced 
rates, even with relative humidity as low as 85-90%. 
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Spoilage of carcass meat: 
 Under chilled conditions mesophiles will grow and it will be the 
psychrophiles that will eventually cause spoilage of the carcass. The rate 
of spoilage increases with: 
1. The number of contaminating psychrotrophs on the carcass. 
 2.  Increase in storage temperature  
3. Increase in the water activity (aw) (dependent on air velocity and 
relative humidity). See figure (2) below: 
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Figure (2): The development of off-odor and slime on dressed chicken 
(squares) and packaged beef (circles) during storage at 50c. 
 
       
Spoilage may be the result of formation of visible colonies or 
slime, or off-odours. On the lean off-odours are detected when the 
population reach about 107⁄cm2. Slime is apparent only when the water 
activity is near 0.99 and the population about 108⁄cm2. At a lower water 
activity, colonies fail to coalesce and remain small and discrete. 
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Spoilage occurs first on moist areas of the carcass (abdominal cavity of 
sheep, near diaphragm, in the folds between the fore-leg and chest, and 
on the cut muscles of the neck). 
 The spoilage flora is dominated by psychophysics, aerobic, Gram-
negative motile and non motile rods which were earlier classified as 
Pseudomonas, Acinetobacter, and Moraxella but now are identified as 
Pseudomonas spp, Acinetobacter and Psychrobacter immobilis (Dainty 
and Mackey, 1992). 
 Pseudomonads normally account for more than 50% of the 
spoilage flora with Pseudomonas fragi, Ps.lundensis and 
Ps.Fluorescence being the most important species.  
 Brochothrix thermosphacta   and   psychrotrophic 
Enterobacteriaceae form a small proportion, but more prevalent on the 
fat surface of sheep and storage at 5ºC favours their growth. At high 
temperatures (25-30ºC) as here in Sudan, the spoilage flora is dominated 
by Enterobacteriaceae and Acinetobacter spp, (Gill and Newton, 1980). 
When storage causes surface to dry, colonies of micrococci, yeast and 
moulds may appear. 
 
 
 
 
 
 55
Pathogens: 
• Salmonellae: 
 The incidence of Salmonellae on beef and sheep carcasses varies 
widely. Some-times they are rarely found while sometimes they can be 
found on close to half of the carcass and times on all carcasses (Gray 
and Smith. 1974). 
 In a large survey in USA, salmonella were found on 1% of 3075 
chilled carcasses of cattle and 5% of Samples from 397 calves (Hogue  
et al., 1993). 
 Contamination rates with salmonella for animals in Egyptian 
abattoirs were: Buffalos 1-2%, Camels up to 44% (Elmoula; 1978) and 
Sheep 3-4% and a wide range of serotypes were found. 
 Normally only small numbers of Salmonellae are on carcass or 
offal meat, but inadequate chilling, storage or transport, at temperatures 
above 7ºC can permit growth and usually influenced by numbers in the 
intestinal tract and contamination of fleece and hides. Outbreaks of 
salmonellosis can follow inadequate cooking, mishandling and 
recontamination. Raw meats can act as a source of cross-contamination 
of cooked meats or other foods in the kitchen and refrigerators. 
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• Escherichia coli: 
 A small percentage of cattle carry enterohaemorrhagic E.coli in 
intestinal tract. Care during evisceration and hide removal is important. 
Growth occurs if chilling, transport and storage conditions are 
inadequate (temperature above 7ºC). 
 Other verotoxin-producing serotypes (e.g. 026:H11, 0103:H2, 
0111:NM, 0157H7) associated with human bloody diarrhea and 
heamolytic ureamic syndrome have also been isolated from sheep, calf 
and cattle faeces(Wells et al, 1991). 
•  Campylobacter jejuni: 
 After slaughter, C.jejuni has been found on from 19 to 70% of 
sheep carcasses, from 2 to 32% of cattle and 20 to 97% of calf carcasses. 
In a Canadian survey by Lammerding et al., (1988), Campylobacter was 
found on 15% of beef and 35% of beef necks. During carcass chilling, 
there is a significant reduction in the incidences and numbers of viable 
Campylobacter, and, even on originally heavily contaminated carcasses, 
numbers are usually less than 1/cm2 (Table 13). Additional drying will 
reduce their numbers, and at markets they will be considerably reduced 
because of drying. Contaminations on offals are higher. 
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      Table (13) Campylobacter jejuni/coli on retail meats     
Type Country Number sampled percent positive  
Beef England 127 23.6 
 USA 360 4.7 
 USA 230 0.4 
 USA 520 0.2 
Ground beef USA 360 3.6 
Beef offal England 97 7 
Pork England 158 18.4 
 USA 360 5.0 
 USA 149 0.7 
 USA 514 0 
Pork sausage USA 360 4.2 
 Italy 200 0.5 
Pork offal England 26 11.5 
Lamb England 103 15.5 
 USA 360 8.1 
 USA 37 0 
Ground 
meats 
England 135 2.2 
Sausage meat England 143 0.7 
Offal (mixed) England 689 47               
                                                                                                                                                                                   ICMSF (1998) 
 
       Epidemiological evidence indicates that carcass meat of cattle, 
sheep and pigs are relatively minor causes of human campylobacter 
infection. 
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• Yersinia enterocolitica.  
The incidence of pathogenic serotypes of Y. enterocolitica on 
carcasses can range from low, none detected on 210 carcasses (De Boer 
and Nouws, 1991), to 2.5% (Mafu et al., 1989), to very high 31% 
(Christensen, 1987);or even 63% (Nesbakken, 1988). Care taken during 
evisceration has a marked influence on the extent of contamination with 
Y. enterocolitica (Andersen et aI., 1991). Careful removal of the tongue 
and tonsils is also needed to prevent carcass contamination. 
• Staphylococcus aureus:  
During slaughter and dressing, carcasses of ruminants become 
contaminated from the skin of the animal, the equipment used (e.g. mesh 
protective gloves and aprons), and the hands of the workers (peel, et aI. 
1975).  
Chilling, storage or transport at temperatures below 70C will 
prevent growth. Even at high temperatures, on raw unprocessed meat, 
the organism is a poor competitor and is outgrown by other flora. For 
sufficient enterotoxin to be produced to cause food poisoning Staph 
aureus has to grow to a population of at least 106/g. In addition, strains 
of Staph.aureus from animal sources appear less likely than those of 
human origin to produce the enterotoxins (e.g. enterotoxin A) that are 
commonly implicated in food poisoning (Devriese, 1990). 
Staphylococcal food poisoning is not caused by raw unprocessed meat. 
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• Listeria monocytogenes:  
         This, and other Listeria spp., can contaminate carcasses from the 
hide or fleece or faeces of cattle and sheep, and from surfaces in the 
slaughter and dressing area (Lowry and Tiong, 1988; Gobat and Jemmi, 
1991). There are opportunities for additional contamination as carcasses 
are moved through chillers, storage cold-rooms and transport to retail 
sale. Some growth can also occur even under adequate chilling 
conditions (<5oC). Thorough cooking will destroy the organism. Raw 
meat can be one of the sources for contamination of ready-to-eat 
processed meats. 
 
• Clostridium botulinum:  
         Most of the clostridia that occur in raw meats are harmless 
putrefactive mesophiles. However, from time to time Cl. botulinum 
occurs. Estimates of contamination range from <0.1 spore to 7 spores 
per kg (Lucke and Roberts, 1993). The incidence appears to be lower in 
beef and lamb than in pork. There are no means available to guarantee 
the absence of Cl. botulinum from raw meat. Most cases of meat-borne 
botulism have been from improperly preserved, home-produced 
processed meats that have been eaten without prior cooking (Tompkin, 
1980). However, consumption of raw meat from marine mammals 
handled under conditions in which psychrotrophic non-proteolytic           
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Cl.Botulinum strains have grown, has caused outbreaks of botulism in 
the Inuit population of Northern Canada and Alaska. Apart from this, no 
cases of botulism from consumption of fresh meat has been reported 
(Lucke and Roberts, 1993). 
 
• Clostridium perfringens:  
         This is a common surface contaminant of beef, sheep and pig 
carcasses at slaughter (Smart et al., 1979). It occurs in low numbers 
(<200/100 cm2) and mainly as vegetative cells. Contamination is from 
faecal material and from soil and dust on the skin of the animal. The 
internal tissue of offal (e.g. liver) may contain small numbers of          
Cl. perfringens (Canada and Strong, 1964; Bauer et al., 1981). Fresh 
meat is usually stored at temperatures <15°C that are too low to allow 
growth. Viable vegetative cells will tend to decrease in numbers during 
chill storage and will be destroyed in thorough cooking.  
          Food poisoning results from the survival of spores in cooked 
meats and considerable growth of up to >105 cfu/g during inadequate 
cooling of the cooked product, (holding for some hours >4  between 15 
and 50°C). 
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Materials & Method 
 
1) Beef carcasses: 
Samples: 
 One hundred and twenty (120) swabs of beef surfaces were 
collected and microbiologically examined. 60 of them were from 10 
randomly selected carcasses from Kadaro slaughter house for 
export (6 predetermined sites –as named bellow- were selected for 
swabbing on each of the 10 carcasses). The other 60 swabs were 
from the same 6 named sites on the same 10 carcasses, but after 
transport and display at retail shops at Khartoum North meat 
market. 
       The predetermined sites swabbed from carcass were: 
      1) Neck: at the lower part of the sticking area. 
      2) shank: proximal end part.  
      3) Loin: mid dorsal outer part.  
      4) Thin flank: at edges of the outer cut for evisceration.  
      5) Sir loin:  Top inner surface of abdominal cavity. 
      6) Top site: 
        (See Figure 3) 
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An areas of ten cm2 were swabbed as recommended by FAO, 
(1992); USDA, (2003); USDA/FSIS, (1998) from all of the 120 
swabbing places and hygienically transferred in ice boxes to the 
Faculty Laboratory for microbiological testing for Total Viable 
Count (Colony Forming Unites) (CFU/cm2) – Aerobes, anaerobe- 
for isolation and identification of bacteria.  
   Five swabs were taken from thin flank site of the same ten 
carcasses at Khartoum North butcher’s shops market for 
quantification of yeasts and moulds.    
2) Meat Products: 
 Processed meat investigation included:-  
Sausages, beef burgers, minced meat and dried meat. 
Ten samples of 25g from each of the four -above mentioned- 
products were randomly collected from Khartoum North butcher 
shops. The 25 grams form every product were hygienically 
transferred to the Faculty Microbiology Laboratory and studied for 
total viable count (colony forming units, CFU/g) and for isolation 
and identification of isolates (aerobic and anaerobic bacteria, 
yeasts and moulds). 
 
Descriptions: 
   Sausage:-  
   Consists of minced (or comminuted) meat (70-80%) to which – 
spices, seasonings, sodium chloride, Rusk (or bread crumbs) for 
binding, and fat were added - according to a predetermined recipe 
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prescribed by the processor – the product is thoroughly mixed to 
form a dough like texture then stuffed in intestinal sheep casings 
– or rarely in gelatinous casings-, the final shape is finger – like 
and about 6 cm long and 2 cm wide. The product is usually 
refrigerated. 
 
Beef burger:- 
      Consist of more finely minced beef (70-80%), Spices, 
seasonings, sodium chloride, rusk and fat (20%). Thoroughly 
mixed to form a dough texture and pressed in small rounded 
metal objects to form a wring like structure of a bout (10 cm in 
diameter and 1 cm thick), also preserved in refrigerated 
temperatures.   
 
 Dried meat:- 
       Meat is freed from bone and fascia, cut into strips 1-2 cm 
in diameter and about 30 cm long, then allowed to dry hanged in 
air under the sun – usually during hot sunny days - (Colloquially 
called sharmoot) 
 
-:Minced meat  
        For different cooking and meals in Sudan, minced meat 
is widely used in local dishes and products e.g. ((Kofta; Molah 
Sharmoot and pies of different organoleptic qualities)). Minced 
meat is either sold ready in butcher shops or home made. 
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1-Microbiological Analysis of Meat and meat products: 
     To quantify the hygienic situation of carcasses at sites:  
 Neck; shank; Loin; Thin flank; Sir loin and Top site and the  
other meat products (minced beef; Beef-burger; Sausage and 
dried meat) the aerobic plate count method was chosen in this 
work as recommended by Food & Agriculture Organization-FAO- 
(1992), ICMSF (1998) and USDA, (2003).  
Aerobic plate count: 
           The aerobic plate count is a microbiological procedure designed to 
provide an estimate of the total number of aerobic organisms in a particular 
food. A series of dilutions of the food homogenate is mixed with an agar 
medium and incubated at 340C for 24, and 48 hours. It is assumed that each 
visible colony is the result of multiplications of a single cell on the surface of the 
agar. 
       The total aerobic plate count is useful for indicating the overall 
microbiological quality of a product and thus, is useful for indicating potential 
spoilage in perishable food products. The aerobic plate count is also useful for 
indicating the sanitary conditions under which the food was produced and/or 
processed. Andrews, (1992) 
 
 
A. MEDIA AND REAGENTS 
1. Dilution blanks 90 ml Butterfield's phosphate buffer (R3) -                   
(Reagent number3) –Andrews (1992). 
2. Plate count agar (M77) – (medium number 77) – Andrews, (1992). 
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B.  PROCEDURE: 
1.  225 ml of Butterfield's phosphate buffer were added to a blender jar 
containing 25 g analytical unit of product and blended for 2 minutes at 10,000 - 
12,000 rpm (round per minute). This resulted in a dilution of 10-1. 
2. Using separate sterile pipets, decimal dilutions of 10-2, 10-3, 10-4, and others 
were prepare, as appropriate of food homogenate, transferring 10 ml of previous 
dilutions to 90 ml of diluent. Shaking all dilutions 25 times within 7 seconds. 
3. 1 ml of each dilution was Pipeted into separate, duplicate and appropriately 
marked Petri plates. 
4.  20 ml of plate count agar (cooled to 44 - 46.0C) were added to each plate 
within 15 min of original dilution. 
5.  Sample dilutions and agar medium were thoroughly and uniformly 
mixed. 
6.  Agar was allowed to solidify; Petri plates were inverted, and incubated 
promptly for 48 + 2 hours at 350C. 
7. After incubation, duplicate plates having 25 - 250 colonies range were 
counted.  When only one dilution was in appropriate range, average count per g 
for dilution was computed and reported as aerobic plate count per g. when 2 
dilutions were in appropriate range, average count dilution was determined 
before averaging tow dilution counts to obtain aerobic plate count per g. count 
were rounded to 2 significant figures only at time of conversion to aerobic plate 
counts.  (Andrews, 1992). 
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1. CONVENTIONAL METHOD FOR ENUMERATING TOTAL 
COLIFORMS, FECAL COLIFORMS AND E.COLI 
 
A. EQUIPMENT AND MATERIALS. 
1. Incubator, 35 + 10C. 
2. Covered water bath, with circulating system to maintain temperature of 45.5 + 
0.20C. Water level should be above that of medium in immersed tubes 
3. Immersion-type thermometer, I-550C with 0.loC subdivisions, certified by 
National Institute of Standards, or equivalent. 
4. Balance with capacity of > 2 kg and sensitivity of 0.1 g. 
5. Mechanical blender. 
6. Blender jar. 
7. Sterile pipets. 1;   5; and 10 ml. graduated in 0.1 ml units. 
8. Sterile utensils for sample handling. 
9. Dilution bottles. 160 ml. made of borosilicate glass, with stopper screw caps.  
B.  MEDIA AND REAGENTS 
1. Brilliant green bile 2 % (BGB) broth (M 13).  
2. lauryl tryptose (LT) broth (M 41). 
3. EC media (M26).  
4. Levine's eosin-methylene blue (L-EMB) agar (M 43). 
5. Tryptone (tryptophane) broth. 1 % (M 111). 
6. MR-VP medium (M61). 
7.  Koser citrate broth (M38).  
8. Plate count agar (PCA) (M77). 
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9.  Butterfield's phosphate buffer (R3). 
10.  Kovacs' reagent (RI6). 
11. Voges-Proskauer (VP) reagent. (R40). 
12. Methyl red indicator (R19). 
13. Gram stains reagents (Stain 6) – (S 6). 
(Abbreviations used according to WHO manual of food quality control.   
M= medium, R= reagent and S= Stain. Andrews (1992).                   
 
C . PRESUMPTIVE TEST FOR TOTAL COLIFORMS AND                     
FECAL COLIFORMS 
1. 25 g unthawed (if frozen) sample were weighed into sterile high-speed 
blender jar.  225 ml Butterfield's phosphate buffer (R3) were added and 
blended for 2 minutes at 10,000-12,000 rpm.  
2.  All decimal dilutions were prepared with 90 ml Butterfield's phosphate 
buffer (R3) plus 10 ml from previous dilution unless otherwise specified. 
The dilutions prepared depended on the anticipated coliform density.  All 
dilutions were shaken 25 times in 30 cm arc for 7 seconds. Pipettes to 
deliver < 10% of their total volume were not used. 1 ml portions were 
transferred to 3 Lauryl Tryptose (LT) tubes for each dilution. Pipet was 
held at an angle so that its lower edge rests against tube. Pipet was let to 
drain 2-3 seconds. Not more than 15 minutes elapsed from time sample was 
blended until all dilutions were in the appropriate media. 
3. Tubes were incubated for 48 hours at 35°C, and examined at 24± 2 hours 
for gas, i.e. displacement of medium in fermentation vial or effervescence 
when tubes were gently agitated. 
 69
4. Negative tubes were reincubated for additional 24 hours. 
5.  Examined a second time for gas.  
6.  Confirmation tests were performed on all presumptive positive (gassing) 
tubes. 
D. CONFIRMATION TEST FOR TOTAL COLIFORMS: 
1. Each gassing LT tube was gently agitated and a loopful of suspension was 
trasferred to tube of BGB broth.  LT tube was held at angle and insert loop 
to avoid transfer of pellicles (if present). 
2.  BGB tubes were incubated for 48 hours at 35oC. 
3. Examined for gas production and recorded. 
4.  MPN was calculated of total coliforms based on combination of 
confirmed gassing LT tubes for 3 consecutive dilutions. 
F. CONEIRMATION TEST FOR E. COLI: 
1. A loopful of suspension was streaked from each gassing E. coli medium 
tube to L-EMB agar. 
2.  Plates were incubated for 18-24 hours at 35°C. 
3. Plates were examined for typical E.coli colonies, i.e., dark centered with or 
without metallic Sheen. 2 typical colonies were picked from each L-EMB 
plate and transferred to PCA slants for morphological and biochemical test. 
4.  PCA slants were incubated for 18-24 hours at 35°C. 
5. If typical colonies were not present, 2 or more colonies most likely to be 
E. coli. were picked, 2 colonies from every plate. 
6.  Gram stain was performed on each culture. 
7. For all cultures appearing as Gram-negative, short rods or cocci, 
continuation was carried as described below:- 
 70
 
a. Indole production.  
        Tube of tryptone or tryptophane broth was inoculated and 
incubated for 24  hours at 35°C, Tested for indole by adding 0.2-0.3 ml 
Kovacs' reagent. Appearance of distinct red color in the upper layer was 
considered a positive test. 
b.  Voges-Proskauer-reactive compounds.  
      Tube of MR-VP medium was inoculated and incubated for 48  hours 
at 35°C.  I ml to 13 X 100 mm tube was transferred. 0.6 ml alpha-
naphthol solution was added and 0.2 ml 40%    K OH. and shaken. A 
few crystals of creatine was added, Shaken and let to stand for 2 hours. 
Test was positive if eosin pink color developed. 
c. Methyl red-reactive compounds.  
                 Incubate MR-VP tube additional 48 +2 hours at 35Co after 
performing Voges-Prokauer test. Add 5 drops methyl-red solution to each 
tube. A distinct red color is a positive test. A yellow color is a negative 
reaction. 
d. Utilization of citrate.  
A tube of Koser-citrate broth was lightly inoculated and Incubated for     
96 hours at 350C. Development of distinct turbidity was considered a 
positive reaction. 
e.  Production of gas from lactose.  
A tube of LT broth was inoculated and incubated for 24 hours at 35Co. 
Displacement of medium from inner vial or effervescence after gentle 
agitation was considered a positive reaction. 
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f.  Interpretation.  
      All cultures that (a) fermented lactose with production of gas within 48 
hours at  35°C, (b) appeared as Gram-negative nonsporeforming rods  or 
cocci, and (c) gave  IMViC patterns of + + _ _ (Biotype 1) or _ _ ++ were 
considered to be E. coli. MPN was calculated of E. coli based on proportion 
of EC medium Tubes in 3 successive dilutions which had been shown to 
contain E. coli. 
         In enumerating E.coli in foods by the conventional method, the following 
points should be noted:  
1. Because LT broth contains the surfactant, sodium lauryl sulfate, no 
resuscitation is provided for injured or stressed E. coli cells. Thus, severely 
damaged E. coli cells may not be recovered by this procedure. 
2. Some biotypes of E. coli ferment lactose slowly _or not at all_ and these 
colonies will have an atypical appearance on L-EMB agar. 
3. koser_citrate broth is used to determine an organism's ability to use citrate 
as a sole carbon source. Because of the possibility of introducing other 
nutrients from the plate count agar subculture, extreme care must be taken 
to use very light inoculums. Koser citrate broth should be inoculated before 
the other IMViC media to minimize the possibility of nutrient carry over 
4. Recent data indicate that the IMViC profile may be insufficient to 
distinguish E.coli from other members of the Enterobacteriaceae. Other 
enteric organisms such as E. fergusoni, E. ewingii, E. vulneris, E. hermanii, 
Plesiomonas shi1gelloides, Klebsiella Taxon53, Klebsiella Taxon62, 
Hafnia alvei, and Aeromonas hydrophia, may have an IMViC pattern of    
+ + _ _ or _ + _ _. Thus, it is essential that the Gram stain be performed in 
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addition to the IMViC determination. If the Gram stain indicates Gram 
negative bacteria with morphology not typical for E. coli, then the 
following biochemical tests should be performed: motility, cytochrome 
oxidase, growth in KCN medium. Malonate reaction, urease production, 
and fermentation of glucose, lactose, mannitol, and adonitol.  
 
2.  STAPHYLOCOCCUS AUREUS: 
         In processed meats Staphylococcus is readily destroyed by heating, 
drying, and other processing conditions to which the meat is subjected. 
Thus, the presence of staphylococci indicates contamination from the 
skin, mouth, or nose of food handlers. Contamination of processed meats 
may also occur when contaminated meat collects on processing surfaces 
to which meat products are exposed. Large numbers of Staph. aureus 
cells in processed foods indicate that sanitation, temperature control, or 
both, were inadequate. This finding, however, is not sufficient evidence to 
incriminate a food as the cause of food poisoning. The isolated Staph. 
aureus organisms must be shown to produce enterotoxins. Conversely, 
small staphylococcal populations at the time of testing may exist as 
remnants of large populations that produced enterotoxins in sufficient 
quantity to cause food poisoning. 
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DIRECT PLATE METHOD: 
   This method is suitable for the analysis of all foods in which more than 
100. Staph. aureus cells/g may be expected. 
 MEDIA AND REAGENTS: 
1. Baird-Parker medium (M7) 
2. Trypticase (tryptic) soy broth with 10% sodium chloride and    1 % 
sodium pyruvate (M 106). 
3. Trypticase (tryptic) soy agar (TSA) (M 102). 
4. Coagulase plasma (rabbit) with EDTA. 
5. Tryptone yeast extract agar (MI12). 
6. Paraffin oil, sterile. 
7. 0.02 M phosphate saline buffer (R27) containing 1% NaCI. 
8. Catalase test reagents (R4). 
 
Table (14) typical characteristics of Staphylococci: 
_________________________________________________ 
    Characteristic   Staph.aureus  Staph.epidermidis   Micrococci 
__________________________________________________ 
Catalase activity:           +                     +                        +                  
Coagulase production:   +                     __                                   __ 
Thermonoculease:         +                     __                                     __ 
Anaerobic utilization of 
Glucose:                         +                     +                         __ 
Mannitol:                        +                     __                       __      (Andrews, 1992) 
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ISOLATION AND ENUMERATION OF STAPH. AUREUS: 
1. For each dilution to be plated one ml sample suspension was 
aseptically transferred to three plates of Baird-Parker agar medium, 
distributing 1 ml of inoculum equitably to three plates,  Inoculums  were 
spreaded over surface of the agar plate, using sterile bent glass streaking 
rod.  Plates were retained in upright position until inoculum was absorbed 
by agar medium, (about 10 minutes on the dried plates). Plates were 
inverted and incubated for 48 hours at 350C, plates containing 20-200 
colonies were selected, unless only plates at lower dilutions (> 200 
Colonies) had colonies with typical appearance of Staph. Aureus. 
Colonies of Staph. aureus  were  typically circular , smooth  convex, 
moist, 2-3 mm in diameter on uncrowded plates, gray to jet-black 
frequently with light-coloured (off-white) margin, surrounded by opaque 
zone  and frequently with an outer clear zone;  
2.  Colonies were counted and recorded. If several types of colonies that 
appeared to be Staph. aureus were present; the number of colonies of 
each type were counted. Plates of the lowest dilution plated, which 
contain < 20 colonies were used. If plates containing > 200 colonies of 
typical Staph. aureus appearance and plates of higher dilution had no 
typical colonies;  these plates were used to enumerate Staph. aureus. 
More than one colony of each type counted was selected and tested for 
Coagulase production.   Numbers of colonies on set of triplicate plates 
represented by colonies giving positive coagulase test were added and 
multiplied by sample dilution factor.  
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3. This value was reported as number of Staph. aureus/g. of product tested. 
Coagulase testing: 
 Suspected Staph. aureus colonies were transferred into small tubes 
containing 0.2-0.3 ml BHI broth and emulsified thoroughly.  Agar slant of 
TSA was inoculated, with loopful of BHI, suspension. BHI culture suspension 
and slants were incubated for 18-24 hours at 35oC.  Slant cultures were 
retained at room temperature for ancillary or repeat tests in case Coagulase test 
results were questionable. 0.5 ml reconstituted Coagulase plasma with EDTA 
(B-5) were added to the BHI culture and mixed thoroughly. Incubated at 35oC 
and examined periodically over 6 hours period for clot formation. Only firm 
and complete clot that stays in place when tube is tilted or inverted was 
considered positive for Staph. aureus. Gram strains of all suspect cultures was 
made and observed microscopically. 
                    3. CLOSTRIDIUM  PERFRINGENS: 
         Clostridium perfringens causes one of the most common types of human 
food-borne illness. Symptoms of abdominal cramps, gas, and diarrhea occur 
about 8-15 hours after ingestion of the contaminated food. 
         Small numbers of Cl. perfringens may commonly be found in raw meats, 
raw vegetables, and dehydrated soups. Cl. perfringens may also be found in 
cooked meats and poultry since the oxygen level is reduced to sufficiently low 
levels during the cooking process. Although the vegetative cells would normally 
be killed during the cooking process, heat-resistant spores could survive, 
germinate, and multiply to disease-producing levels in foods that had been 
inadequately refrigerated. 
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The enumeration of several hundreds of thousands of Cl. perfringens cells 
per g of food supports a diagnosis of Cl.  perfringens food poisoning, when 
verified by clinical and epidemiological investigations. Care must be taken, 
however, for the proper handling of the sample since refrigeration or freezing 
may result in a significant reduction of the population of Cl. perfrinegens cells. 
    EQUIPMENT AND MATERIALS: 
1. High speed blender, and 1 liter glass or metal jars with covers; one jar 
required for each sample. 
2. Anaerobic jars, BBL GasPak, or Oxoid anaerobic jars (Oxoid USA. 
Columbia, MD 21045 USA) equipped with GasPak H + C02 generator 
envelopes. (For this purpose anaerobic kits were used in this research.               
3. Incubator, 35°C. 
4. Water bath. 46 ±0.5°C. 
5. Colony counter, Quebec or equivalent, dark-field model. 
6. Pipets, 1.0 ml with 0.1 ml graduations, and 10.0 ml with 1.0 ml 
graduations. 
7. Petri dishes, sterile 15× 100 mm.  
8. Platinum loop, 3 mm id. 
 MEDIA  AND  REAGENTS:  
1. Tryptose- sulfite- cycloserine (TSC) agar (M114). 
2.  Cooked meat medium (modified) (M24).  
3. thioglycollate medium (fluid ) (M97) 
4. Lactose-gelatin (medium), (for Cl. perfringens) (M40 
5. Peptone dilution fluid (R25). 
6. Glycerin–salt solution (buffered) (R12). 
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7. Gram stain reagents (S6). 
8. Fermentation test papers. Saturate 15 cm whatman No. 31 filter paper disks 
with 0.2 % bromthymol blue solution adjusted to pH 8-8.5 with ammonium 
hydroxide.  
9. Bromthymol blue solution 0.04 % (R2). 
  
 
  ISOLATION PROCEDURES 
1. From the food sample, a film was prepared, stained by Gram method, and 
the smear was examined for large Gram-positive rods. 
2. Plate count of viable Cl. perfringens:  
         25 g food sample was aseptically weighed  into a sterile blender jar. 
225 ml peptone dilution fluid was added and blended for 1-2 minutes at 
10,000-12,000 rpm using this 1: 10 prepared dilution, serial dilutions 
from 10-1 to 106 were made by transferring 10 ml of previous dilution to 
90 ml peptone dilution fluid blanks. 6-7 ml tryptose-sulfite-cycloserine 
(TSC) agar was poured into each of twelve 15 X 100 mm Petri dishes 
and spreaded evenly on the bottom of rapidly rotating dishes. When the 
agar solidified, aseptically 1 ml of each dilution of homogenate was 
transferred in duplicate to agar surface in center of each dish. Additional 
15 ml TSC agar was poured into dishes and mix with inoculum by 
gently rotating dishes. When the agar solidified, plates were placed in 
anaerobic jar. Anaerobic conditions were established and the jar was 
placed in 35oC incubator for 20-24 hours. After incubation, plates were 
examined for black colonies. Plates showing 20-200 black colonies were 
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selected. Using Quebec colony counter, black colonies were counted and 
number of clostridia cells/per g of food were calculated.  Plates were 
saved 
 for identification tests. 
3. Cooked meat medium was prepared and heated for 10 minutes in boiling 
water and cooled rapidly without agitation. 3 tubes (cooked meat 
medium) were inoculated with 2 ml of 1:10 homogenate as back-up for 
preceding plating procedure. These tubes were incubated for 24-48 hours 
at 35oC.  
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  Sampling and Laboratory Examination: 
     Cotton wool medical swabs from carcass sites –or direct sampling from the 
processed meat products_ were used for sampling. These were taken directly to 
laboratory and within an hour each was transferred into 10 ml enrichment 
medium (Selenite broth base– (Oxoid cm 395) with added Sodium Biselenite–
(Oxoid L 121), (Hobbs and Allison, 1945). The enrichment media were 
incubated at 420C for 24 hours and then subcultured onto Brillient Green Agar 
plates (Oxoid cm 329) and incubated at 370C for 24 hours .Subculturing was 
repeated after 24 hours for all plates with no growth or red colonies (Edel and 
Kampelmacher, 1969; Linton, et al, 1981). 
      Red colonies were picked and identified by serological and biochemical tests. 
A) Serological Identification (Edward and Ewing, 1972): 
     Red colonies from Brilliant Green agar plates were either purified by further 
subculturing on MacConkey agar plates (Oxoid cm 76) incubated at 370C for 24 
hours or were tested directly by slide agglutination against Salmonlla Polyvalent 
O, Polyvalent H,(specific and non-specific) sera. If results were positive further 
slide Agglutination tests were used with single factor sera to determine O and H 
antigens. (Wellcome salmonella agglutination sera were used). 
B) Biochemical Identification:  
Two media were used for these tests:- 
 i) -  Kohn Two- tube Medium (Oxoid cm 179). 
ii) - Triple Sugar Iron Agar (Oxoid cm 277). 
      Red colonies from Brillient green agar plates were inoculated for 
confirmation onto these media and incubated at 370c for 24 hours. 
 80
 
Yeast and Mould 
Enumeration and Identification of Yeats and Moulds: 
Because of their slow growth and relatively poor ability to compete with 
bacteria successfully, the yeasts and moulds are most likely to be found in the 
foods in which the environment is less favorable for bacterial growth, e.g. low 
pH, low -aw- , high salt or sugar content , low storage temperature, the presence 
of antibiotics, or exposure to irradiation. 
  Yeasts and Moulds present a problem in food in that they discolor food 
surface, cause off-odours and off-flavours, cause various degrees of spoilage, 
alter substrates allowing for the outgrowth of pathogenic bacteria, and are able to 
produce mycotoxins in certain instances. Methods for the enumeration of Yeasts 
and Moulds are presented below: 
 A) Equipments and materials: 
1) Basic equipment (and appropriate techniques) for preparation of a food 
sample homogenate as described previously. 
2) Equipment for plating samples (as described before). 
3) Incubator set at 22-250c.  
4) pH Meter. 
         B) Media and Reagents: 
1) Potato Dextrose Agar (M80). 
2) Potato Dextrose- salt Agar. – With 75g NaCl. 
3) Malt extract agar (M54). 
4) Antibiotic solution (Chloramphenicol). 
5) Tartaric acid solution, 10%. 
 81
 Methodology: 
 From soluble dilutions of each sample 0.1ml was aseptically transferred 
onto solidified malt-extract agar containing o.1g Chloramphenicol per one liter 
of medium to inhibit bacterial growth. The sample was spread all over the plate 
using sterile bend glass rod. Plates were then incubated at 25-280C for 4 days. 
Results presented in Colony Forming Unites (CFU/g) Andrews, (1992).  
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  RESULTS 
 
1)Microbiological results from Kadaro Slaughter House: 
Ten carcasses were studied at the Kadaro Slaughter House.  The 
total number of bacteria at selected sites of each carcass is presented in 
Table (15) below.   
Table (15) Numbers of bacteria (log10 cfu/cm2) by site in each of the ten 
carcasses investigated at Kadaro Slaughter House. 
Carcass Shank 
Thin 
flank Loin Neck Top side Sir Loin Median 
1 7.802 7.86 6.50 7.72 6.86 5.92 7.29
2 7.99 6.90 7.68 7.89 5.82 6.91 7.29
3 7.73 7.91 7.57 7.91 7.66 5.20 7.69
4 7.87 7.89 7.80 7.37 7.66 5.95 7.73
5 7.87 7.84 7.73 7.48 7.68 5.75 7.70
6 7.83 7.83 7.81 7.65 7.59 5.82 7.73
7 6.96 7.15 6.94 6.75 7.30 5.30 6.95
8 6.94 6.89 6.89 6.79 7.43 5.19 6.87
9 7.89 7.74 7.73 7.77 7.89 6.86 7.75
10 7.74 7.64 7.82 7.69 7.93 6.83 7.72
        
Median 7.82 7.78 7.70 7.68 7.63 5.87 7.70
Q1 7.73 7.27 7.09 7.40 7.33 5.41 7.29
Q3 7.87 7.85 7.78 7.75 7.68 6.61 7.73  
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Since the number of bacteria was not normally distributed, the median 
was used to analyse the data. In addition, due to the high variability in the 
number of bacteria reported, the data was transformed into the log10 scale.  
Figure (4) below show the median number of bacteria across all six sites 
studied for each of the ten carcases included in the analysis at Kadaro 
Slaughter House, while Figure (5) below show graphically the median  
numbers for comparison between sites 
            Figure (4):- 
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Figure (5): Median number of bacteria (log10 CFU per cm2) for each of 
the ten carcases. 
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To determine whether the distribution of bacteria was different 
across the different sites of the ten carcases studied at Kadaro slaughter 
house, the Friedman ANOVA non-parametric test was performed. This 
test showed statistically significant variation in the number of bacteria 
calculated in the different sites of the ten carcasses studied, (p < .00013, 
Coefficient of Concordance = .50287 Aver. rank r = 0.44763). Figure 9 
below illustrates, in descending order of magnitude, the median number 
of bacteria (after log10 transformation) for each site for the ten carcases. In 
this figure, the dot represents the median (log10 CFU per cm2) number of 
bacteria, the squared box represent the first and third quartiles (which 
represent the 25% lower values and 75% upper values around the median, 
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respectively). The whisker represents the minimum and maximum values 
for each site studied. 
 Figure (6): Box and whisker plot of median number of bacteria (log10 
CFU per cm2) by site for the ten carcases studied at Kadaro Slaughter 
House, in descending order of magnitude. 
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To assess the association between the number of bacteria (log10 CFU per 
cm2) in each site and that calculated in all other sites, the Carl Pearson 
correlation coefficient was calculated. Table (14) below shows the 
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strength of these associations. Significant associations are marked by 
bold/red font. It is clear from this table that a statistically significant 
association exists only between the shank and thin flank, shank and neck 
and thin flank and topside. 
Table (14): Carl Pearson correlation coefficient assessing the association 
between the number of bacteria (log10 CFU per cm2) in each site and that 
calculated in all other sites: 
 
 
 
 Shank Thin Flank Loin Neck Topside Sir Loin
Shank  .8230 .5641 .6918 .6338 .1134 
  p=.006 p=.114 p=.039 p=.067 p=.772 
Thin Flank   .2809 .6449 .7543 -.1491 
   p=.464 p=.061 p=.019 p=.702 
Loin    .3215 .5954 .3195 
    p=.399 p=.091 p=.402 
Neck     .4936 .0259 
     p=.177 p=.947 
Topside      .2375 
      p=.538 
Sir Loin       
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To assess whether there was an association between the median number 
of bacteria across all sites and the aerobe of all carcases included in the 
analyses, the Carl Pearson correlation coefficient was calculated. Figure 
(7) below show the strength of the association to be not statistically 
significant (correlation coefficient r 0.02, p= 0.97). 
 
Figure (7): Association between the median number of bacteria (log10 
CFU per cm2) and number of Bacteria (log 10 CFU per cm2) in every one 
of  the ten carcases studied. 
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 Anaerobic bacteria were detected at the same 10 carcasses and results are 
presented in Table (15) and Figure (8) below: 
 
 
r=0.02, p= 0.97 
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Table (15) Numbers of Anaerobic bacteria (log10 CFU/g): 
 
 Kadaro  
Butchers 
Shops 
Carcase 
No 
An 
aerobe  An aerobe 
1 5.65  4.60 
2 6.95  5.68 
3 4.87  4.90 
4 4.87  4.40 
5 5.51  5.30 
6 4.72  4.63 
7 3.43  4.95 
8 3.42  5.89 
9 4.85  6.35 
10 5.71  5.88 
    
Median 4.87  5.13 
Q1 4.75  4.69 
Q3 5.61  5.88 
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2)Microbiological results from Butchers Shops: 
 
Similar results to those reported above for bacterial numbers at Kadaro 
Slaughter House are presented from Butchers shops at Khartoum North. 
The absolute total number of bacteria was re-measured in the same sites 
of the ten carcases studied above after they arrived and displayed for sale 
at the butcher’s shops at Khartoum North Market. The total number of 
bacteria of each carcass site is presented in Table (16) below. 
Table (16): Number of bacteria (Log10 CFU per cm2) by site in each of the 
ten carcases studied at Butchers Shops. 
Carcass Shank 
Thin 
flank Loin Neck 
Top 
side 
Sir 
Loin Median
1 7.88 7.86 7.68 7.78 6.90 5.74 7.73 
2 7.68 6.95 7.60 7.46 6.41 5.60 7.20 
3 7.83 7.91 7.89 7.49 7.76 6.84 7.80 
4 7.89 7.89 7.91 7.94 7.82 7.70 7.89 
5 7.60 6.76 6.56 7.32 7.59 4.08 7.04 
6 7.90 7.83 7.83 7.93 7.85 5.94 7.84 
7 7.10 6.95 6.57 6.51 7.30 5.70 6.76 
8 6.89 7.83 7.88 7.88 7.90 6.46 7.86 
9 7.85 7.88 7.83 7.84 7.67 5.83 7.83 
10 7.84 7.76 7.86 7.91 7.82 5.90 7.83 
        
Median 7.83 7.83 7.83 7.81 7.72 5.87 7.82 
Q1 7.62 7.15 7.62 7.47 7.37 5.71 7.42 
Q3 7.85 7.88 7.88 7.91 7.82 6.46 7.87 
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Figure (9 graph for sites) and (10 dot. Graph for the ten carcasses) below 
show the Median Number of Bacteria across all sites studied for each of 
the ten carcases included in the analysis. 
Figure(9):Bacterial No(CFU/cm2) At sites
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Figure (10) Median number of bacteria in all sites (log10 CFU per cm2) for 
each of the ten carcases. 
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To determine whether the distribution of bacteria was different across the 
different sites of the ten carcases studied at the butchers’ Shops, the 
Friedman ANOVA non-parametric test was performed. Similar to the 
result observed in the Kadaro Slaughter House, this test showed 
statistically significant variation in the number of bacteria calculated in 
the different sites of the ten carcasses studied; (p < .00028, Coefficient of 
Concordance = .46857 Aver. rank r = .40952).Figure (11) below 
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illustrates, in descending order of magnitude, the median number of 
bacteria (after log10 transformation) for each site for the ten carcases. 
Figure (11): Box and whisker plot of median number of bacteria (log10 
CFU per cm2) by site for the ten carcases studied at Butchers shops, in 
descending order of magnitude. 
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To assess the association between the number of bacteria (log10 CFU 
per cm2) in each site and that calculated in all other sites, the Carl Pearson 
correlation coefficient was calculated. Table (17) below shows the 
strength of these associations. Significant associations are marked by 
bold/red font.  
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Table (17): Carl Pearson correlation coefficient assessing the association 
between the number of bacteria (log10 CFU per cm2) in each site and that 
calculated in all other sites. 
 
 shank Thin Flank Loin neck Topside Sir Loin
shank  .3500 .4031 .4801 -.0382 .1085 
  p=.321 p=.248 p=.160 p=.917 p=.766 
Thin Flank   .8629 .7434 .5076 .7017 
   p=.001 p=.014 p=.134 p=.024 
Loin    .8360 .2337 .6923 
    p=.003 p=.516 p=.027 
neck     .3448 .3721 
     p=.329 p=.290 
Topside      .3262 
      p=.358 
Sir Loin       
       
 
 
To assess whether there was an association between the median number 
of bacteria across all sites and the aerobe of all carcases included in the 
analyses, the Carl Pearson correlation coefficient was calculated. Figure 
(12) below show the strength of the association to be not statistically 
significant (correlation coefficient r 0.04, p= 0.92). 
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Figure (12): Association between the median number of bacteria (log10 
CFU per cm2) and number of bacteria (log10 CFU per cm2) in the ten 
carcases studied. 
Correlation: r = 0.04, p=0.92
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3) Comparative results between Kadaro and Butcher’s Shops: 
To determine whether there was a significant difference between 
number of bacteria contaminating carcasses at Kadaro slaughter House 
and that at Butcher’s Shops , the non-parametric Wilcoxon Matched Pairs 
test (Allan, 2001) was performed. This test showed a highly significant 
difference in the total median number of bacteria between the tow places 
of study (p<0.00001).   
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Figure (13): Difference in the median of total number of bacteria (log10 
CFU/ cm2) in the ten carcasses at the two places studied. 
 
 
Cadaro Butchers
6.6
6.8
7.0
7.2
7.4
7.6
7.8
8.0
M
ed
ia
n 
nu
m
be
r o
f b
ac
te
ria
 (l
og
10
 C
FU
 p
er
 c
m
2 )
 Median  25%-75%  Min-Max 
P<0.00001
 
 
The median number of bacteria for each carcass of the ten carcasses were 
compared when investigated at Kadaro Slaughter House to that at the 
Butcher’s Shops and result are shown in figure (14) bellow: 
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      Figure (14) Median number of bacteria (log10 CFU per cm2) calculated for 
the same carcasses at the two sites: 
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Processed Meat products 
 
 Four processed meat products (Minced meat, Beef burger, 
Dried meat and Sausage) from Khartoum North Market, were 
microbiologically investigated (10 samples of 25g from each) for 
their contamination levels: Aerobic Bacterial numbers per gram 
table number (18) Figure (15), Anaerobic bacterial numbers per 
gram Figure (16 including table) and for Numbers of Yeasts and 
Moulds per gram in meat products in table (19) and figure (17).  
 
Table (18): Bacterial Numbers (CFU/g) in processed meat: 
 
Sample no: 1 2 3 4 5  
Minced Meat 4.3x107 5.8x107 6.9X107 9.1X107 8.3X107 
Beef Burger 3.2X107 4.8X107 4.0X107 6.0X107 6.2X107 
Dried Meat 83X105 4.9X106 7.8X106 5.2X106 2.7X106 
Sausage 2.6X107 4.8X107 7.8X107 6.6X107 5.6X107 
       
Sample no: 6 7 8 9 10 Median 
Minced Meat 7.8X107 3.2X107 6.5X107 6.3X107 7.0X107 6.7X107 
Beef Burger 4.6X107 6.6X107 6.0X107 3.2X107 2.8X107 4.7X107 
Dried Meat 1.9X107 6.2X106 3.5X106 3.7X107 2.1X106 5.1X106 
Sausage 2.7X107 8.8X106 7.7X107 8.5X107 7.8X107 6.1X107 
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Figure (15) 
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Figure (16):- 
 
 
 
 
 
 
 
Figure (19  ) Anaerobic Bacterial Numbers (CFU/g) In Processed Meat
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Table (19) Yeasts and Moulds (Fungi) Numbers (CFU/g) 
 
 
 
 
 
 
 Microscopic identification was not carried, Numbers  Medium of five samples each. 
Figure (17):- 
Figure( 20 ) Numbers(CFU/g) Of Yeasts & Moulds
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The prevalence of four species of microorganisms (Salmonella spp, 
Escherichia coli, Staphylococcus aureus and clostridium perfringens) was 
detected in the Meat (Thin flank from the 10 carcasses at the Butchers 
shops) and in Meat products (10 samples of 25 g each). Table (20) and 
figure(18) below show the results: 
 
1 Meat(Thin flank) 2.66 x 103 
2 Sausage 7.25 x 103 
3 Beef burger 6.60 x 103 
4 Dried meat 2.80 x 104 
5 Minced meat  3.00 x 103 
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Table (20) Percent of Bacteria Detected in Meat & Meat products: 
 
Salmonella 
spp 
Escherichia 
coli 
Staphylococcus 
aureus 
Clostridium 
perfringens 
Meat (Thin 
flank) 10 70 40 0
Sausage 10 40 50 10
Beef 
burger 0 40 20 10
Dried meat 0 30 30 0
Minced 
meat 20 60 20 0
 
Figure (18):- 
Figure (21): Percent prevelence of Bacteria in Meat & meat 
products
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Discussion 
 
         Lots of research, investigating and studying meat, has been 
carried in Sudan, but the majority of these seem just for honoring 
academic degrees, and there is no enough published knowledge or 
implementation of their advisory recommendations at home or 
processing meat plants. 
 In this research, the 6 sites in the 10 carcass at Kadaro slaughter 
house and the same carcasses after been transported to Khartoum North 
Butcher’s shops were monitored for their degrees of microbial 
contamination in (Total viable count), (Median CFU/cm2) In order to 
study and compare associations between their levels of contamination 
and to know reasons behind their contamination levels, to determine 
Critical Points, and to suggest for implementing better and hygienic 
control methods for slaughtering techniques. 
   This research follows meat microbiology, in a (Hazard Analysis 
Critical Control Point  (HACCP) System, (Codex Alimentarius, 
2001), (ICMSF, 1988) from the living animal microbiology level – 
which only has an effect on meat hygiene only –  to the final processed 
product , with special concern at certain critical points at, slaughtering 
techniques,  transport, retailing and final processing of meat products.  
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1)  MICROBIOLOGY OF CARCASS MEAT: 
       It is known that all sound healthy fresh foods generally and 
especially meat, are found – by god in nature _ in an absolutely sterile 
condition, (Frazier, 1990). Contamination of food starts from the very 
beginning of food harvesting. Meat starts to contaminate at slaughter 
plants from environment, labors, utensils, knifes, hands, and clothes. 
Secondly meat contaminate at transport to retail shops and finally 
during display in these shops. The number of bacteria contaminating 
meat starts to increase as a result of growth, the rate of which is 
determined by the intrinsic parameters of meat and the extrinsic 
parameters of the environment at which meat is held.    
A) Contamination levels at Kadaro slaughter house: 
            At first ten carcasses from Kadaro Slaughter House were 
randomly selected and studied at six predetermined sites (Shank; Thin 
flank; Loin; Neck; Top site and Sir Loin) for their levels of 
contamination.   
Since the number of bacteria was not expected to be normally 
distributed on carcasses, the median was used to analyze the data. In 
addition, due to the high variability in the numbers of bacteria usually 
reported on meat and meat products, the data was transformed into the 
log10 scale and the median number of bacteria across all sites studied 
for each of the ten carcasses included in the analysis was stated. 
To determine whether the distribution of bacteria was not 
normally distributed across the different sites of the ten carcasses 
studied at Kadaro Slaughter House, the Friedman ANOVA non-
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parametric test was performed (Allan, 2001). This test showed 
statistically significant variation in the number of bacteria calculated in 
the different sites of the ten carcasses studied, (p < .00013, Coefficient 
of Concordance = .50287 Aver. rank r = 0.44763) and was illustrated 
in descending order of magnitude, that the median number of bacteria 
(after log10 transformation) for each site for the ten carcasses - In figure 
(6), the dot represents the median (log10 CFU /cm2) number of bacteria, 
the squared box represent the first and third quartiles (which represent 
the 25% lower values and 75% upper values around the median, 
respectively). The whisker represents the minimum and maximum 
values for each site studied. 
It was clear that all the numbers of bacteria detected were  not 
normally distributed and above log 10 x 6.5 for Shank; Thin flank; 
Loin; Neck; and Top site. Only the  Sir loin and because of it’s position 
in the inner upper aspect of the carcass, far from much of 
contamination usually caused labour’s hands, utensils, air or the other, 
showed a lower level of contamination (log10 x 5.7), but still the 
numbers  detected could be noted above recommended level (log10 x 5) 
but within acceptable level.  
Since meat is hygienic originally –before skinning - The hygienic 
practices of the labours while slaying or sticking, dehideing or 
skinning, defeeting, eviscerating and cutting of animals, together with 
other environmental factors were clearly reflected by the total numbers 
of microorganisms contaminating animal carcasses and at certain sites 
more than others.  
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Due to difficulties and awkwardness in specific operational 
techniques or negligence in hygienic protocols of animal slaughtering 
by operators or other reasons, certain sites of the carcass were observed 
to be more contaminated than others and showed signs of early 
spoilage. 
  To assess the association between the numbers of bacteria (log10 
CFU /cm2) in each site of the 10 carcasses studied in kadaro slaughter 
house and those calculated in all of sites, the Carl Pearson correlation 
coefficient was calculated (Allan, 2001).  
Statistically significant association was to exist  only between the 
Shank and Thin flank; Shank and Neck; and Thin Flank and Top Side. 
These results indicate that contamination on carcass sites is not 
dependant on one common factor (association not significant) and 
every site is solely contaminated as a result of the factors affecting that 
site by it’s own, though still the common factors affecting 
contamination (As temperature, general hygiene and others) are adding  
microorganisms. Which means Critical Points should be assigned both 
to the factors affecting contamination of  carcass generally (usually 
operational factors) and at sites individually and that hygienic care is 
needed at every site by it’s own as well as the need for common 
hygienic measures at the slaughter houses. 
 Certain associations in contamination levels has been noted 
between Shank and thin flank (P=0.006), Shank and Neck (P=0.039). 
The only common association between these sites is their high levels of 
contamination compared to other sites studied. 
 107
 The Shank in slaughter houses is always the place from where the 
carcass is pulled, grabbed, or moved and usually by naked hands of 
labours. This should be considered an important critical point needing 
controls to be proposed and implemented at this site. Covering the 
Shank with polyethylene material just after it’s skinning and hanging a 
metal hook on the carcass for grapping or moving the carcass can be 
proposed to solve this problem. 
 On the other hand the Sir Loin site seems always to have the 
lowest contamination level compared to others, and this is obvious 
because this site is in the upper internal part of the abdominal cavity 
beneath the vertebral column, and it is beyond the reach of the labours, 
equipments, or environmental factors. 
 The Neck site is where animal sticking, and bleeding issues, it is 
usually contaminated with blood, regurgitated ruminal material, both 
are hazardous, and can augment bacterial contamination, and the site 
changes  colour to blackish-red very fast due to oxidation of blood to 
metmyoglobin, and should be considered a critical point, needing 
analysis and controls.  
  The Thin Flank is the site usually cut open to eviscerate the 
slaughtered animal. Since viscera contain microorganisms of the 
family Enterobacteriaceae – which has been isolated in this above 
acceptable level -  (The majority of which are pathogenic) so any levels 
of contamination at this site should be considered seriously and also a 
critical point here should be marked urging for strict controls to be 
implemented (e.g. world wide it a common procedure in evisceration is 
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to tie the ends of the Oesophagus and colon before evisceration to 
prevent spillage of faecal material on the Thin Flank or the body of the 
carcass. 
 Though moderately contaminated the Top Site is a highly 
precious part of the carcass, because it contains the biggest lump of 
best quality meat on the carcass, and it is less touched by labours after 
skinning due to its position very high on the processing rails, and its 
situation on the back of the carcass. Contamination of the Top Site 
could then be attributed to other environmental reasons. General worm 
water wash (80OC) of the carcass (especially when mixed with acetic 
acid 20% – as now been recommended internationally - (ICMSF, 
1998) showed good results of decontamination.  
 To study if there was association between contamination on every 
one carcass and the general contamination level on all carcasses 
examined the Carl Pearson correlation coefficient was calculated for 
the median number of bacteria on each carcass and compared to the 
median number of bacteria for all carcasses at Kadaro Slaughter 
House. The correlation coefficient (r=0.02, p=0.97) showed  that there 
was   no significant association,  figure (7) . This proved that every 
carcass in the slaughter house is contaminated as a result of 
instantaneous factors - e.g. labours and utensils - at the time of 
preparation of that carcass plus common contaminating factors 
affecting all carcasses, e.g. cleanness of utensils, degree of 
temperature, air pollution and the changing conditions in work 
environment with time and etc. All these factor really need to be 
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controlled and studied as critical points, especially movement of 
labour from dirty places in the slaughter house (lairage, evisceration 
room or hides collection places) to clean ones (after washing aria and 
refrigerators).  
 
 
 
 
 
 
 
B) Contamination levels at Butchers Shops:  
 
Similar analyses to those reported above were reconducted  on 
the levels of  bacterial contamination at Khartoum North Butcher’s 
shops. The total number of bacteria was re-measured in the same ten 
carcasses studied above – at Kadaro Slaughter house - and on the same 
six sites, when they arrived and displayed for sale at Khartoum North 
market.  
To determine whether the distribution of bacteria was not normal 
and different across the different sites of the ten carcasses studied at the 
butcher’s shops, the Friedman ANOVA non-parametric test was 
reperformed. Similar to the result observed at the Kadaro Slaughter 
House, this test showed statistically significant variations in the 
number of bacteria calculated in the different  six sites of the ten 
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carcasses studied; (p < .00028, Coefficient of Concordance = .46857 
Aver. rank r = .40952).Figure (11) illustrated, in descending order of 
magnitude, the median number of bacteria (after log10 transformation) 
for each site for the ten carcasses after transportation and display for 
sale at the Butcher’s shops. 
To assess the association between the number of bacteria (log10 
CFU / cm2) in each site to that calculated in all other sites, the Carl 
Pearson correlation coefficient was calculated.  
Interestingly, the associations profile observed in this Butchers 
shops study is clearly different from that observed in the Kadaro 
Slaughter House one. There was statistically significant association 
only between the thin flank and Loin; thin flank and neck; thin flank 
and sir lion; lion and neck; and lion and sir lion. This suggests that 
bacterial growth and/or contamination on carcasses generally and sites 
has totally changed its profile as affected by the new environmental 
conditions (degree of temperature), during transport  from slaughter 
house or during time of display in shops, or contamination from 
butchers hands and utensils. 
Still when the contamination level of every carcass was compared 
to the general contamination of carcasses no significant association          
(r= 0.04, p=0.92) was found as shown in figure (12), proving that 
carcass contamination is dependant on circumstances, conditions and 
factors causing contamination on every carcass by its self. These new 
findings suggest new Critical Points needing further analysis and 
controls at carcass level only. 
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C) Comparison between Kadaro and Butcher’s sites: 
 
In this research the general statistical median of the numbers of 
microorganisms of carcass contamination calculated in colony forming 
unites (CFU/cm2), both at Kadaro Slaughter House and Butcher’s 
Retail Shops, was found to be very high (log10 > 7.00/cm2) compared 
to standard level proposed by ICMSF, 1998; Codex Alimentarius, 
1990; USDA, 1994 _ FSIS; Who propose meat to be acceptable when it 
is at or less than log10 < 5.00 /cm2 or/g.  
The general statistical median for bacterial numbers for all 
carcass sites investigated – both at Kadaro Slaughter House for export 
and those investigated at Butcher’s Shops at Khartoum North Market - 
was found to be high and above that internationally stated limit.    
Log10 x6/cm2 or more at least was found at the majority of the (120) 
sites sampled and studied and this should be considered a major 
Critical Point, needing controls – bearing in mind the fact that meat 
starts to spoil by off odour formation – at this very level of bacterial 
count and slime formation starts at counts of log10 x 7/cm2- (see     
figure 2). This means that meat at Kadaro Slaughter House for export – 
where the  facilities for meat hygiene were considered to be available 
in a better conditions than any where in all Sudan , and at Khartoum 
North Butcher’s market _  is contaminated to just above the level of 
starting spoilage _ Yet no organoliptic signs of spoilage were detected 
at time of sampling _  but it should be noted that since the numbers 
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detected were supposed to show the signs of spoilage then it could be 
said that the utilization of microorganisms of meat during their feeding 
and growth is the actual cause of spoilage – not just their mere 
presence as a result of contamination _  as what seems to has happened 
here at Kadaro Slaughter House where contamination was high enough 
(> log 10 x 6.5). Never-the-less the level of contamination found 
indicated high hazardous level calling for urgent control measures to be 
implemented, otherwise the keeping quality and shelf-life of meat will 
be very poor, and so will be the consumer’s health.  
At retail shops at Khartoum North Butcher’s Market it has been 
found that there was a highly significant increase in   bacteria (Median 
of absolute numbers/cm2) when statistically compared to the numbers 
detected at Kadaro Slaughter House insuring that refrigeration of meat 
during transport to bellow 70C – as recommended by                  
FAO legislations – should be mandatory in Sudan especially during 
meat transport. 
 In determining whether there was a significant difference 
between the median number of bacteria contaminating carcasses at the 
Kadaro slaughter house and those at butcher’s shops, the non-
parametric Wilcoxon Matched Pairs test (Allan, 2001) was performed. 
This test showed a highly significant difference in the total median 
number of bacteria between the two places of study (p<0.00001). 
Figure (13) illustrated the magnitude of that difference. It is also very 
clear that the total number of bacteria has significantly increased when 
these carcasses were reexamined at the butchers’ shops. 
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When the bacterial numbers for every carcass at the slaughter 
house was compared to that of the same carcass at the Butchers shops 
(Figure 14), still there was a clear evident increase in the numbers of 
bacteria in seven carcasses out of the ten carcasses in the study insuring 
that carcass contamination affects every carcass depending on 
conditions and circumstances of that carcass alone as well as 
contaminating factors affecting all other carcasses. 
The increase in numbers of bacteria (both in the total Median in 
all carcasses and in individual carcasses ) proved that microbiological 
growth did really started and spoilage will be issuing next after, and the 
time lag during transportation from slaughter house to the market, at 
temperatures above 250C without refrigeration , no proper packaging 
and mal handling  left the meat without any keeping quality or shelf 
life to be expected, because the bacterial numbers has already reached 
the expected level for spoilage stated by Jay, (2005) in  figure (2).                           
Bacterial numbers on beef caresses when investigated at EEC 
countries was found in the range of: log10 CFU/cm2 (30oc):  2.29 _ 3.85, 
(Roberts, et al, 1980b); and 2.9 _ 3.57 mean log10 CFU/cm2 at India, 
(Mukartini, et al 1995).  These levels of contamination seem to be low 
enough and complying with - the above stated - acceptable 
international standards.  
Comparing levels of carcass contamination found in this research 
to other levels of carcass contamination detected by other workers in 
Sudan, Fatima Elamin (1985) found the levels of meat bacterial 
contamination- log10 CFU /cm2 between 6.5 and 7.5 at Khartoum; 
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while Awatif, (1997) found all levels of carcass contamination high 
above log10 7.00 CFU /cm2 at Omdorman Central Slaughter House. 
The major parameter which could cause such a difference 
between levels of contamination found in Sudan carcass meat, 
compared to other EEC countries levels of carcass contamination - 
other than hygienic standards - seems to be the ambient environmental 
degree of temperature, being high in Sudan compared to those at EEC 
temperate countries. 
 Temperature plays a vital and determinant role in microbial 
growth and hence their total numbers, as well as its selection for 
growth of special types of microorganisms in an environment or a 
medium at specific range of degrees of temperature. 
 It was stated that (Jay, 2005; Satish, 2004) psychrotrophic 
microorganisms grow at temperatures  0_20oc, mesotrophic 
microorganisms  20_40oc and thermotrophic microorganisms  40_65oc, 
this means that the potential health hazards are often from mesotrophic 
microorganisms since most of pathogenic microorganisms  grow best 
at this range of temperature which coincides with human body 
temperature (37oc) 
The degrees of temperature in Sudan most of the year -                  
specially in Khartoum district _ are above 300c which will select for 
growth of mesotrophic types of microorganisms and some  
thermophilic ones, the majority of which are pathogenic, while at 
temperate countries  the usual environmental temperature selects for 
growth of psychrotrophic types of microorganisms the majority of 
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which are food spoilage  rather than disease causing ones, and this fact 
reflects the danger and the health hazard of meat contamination in 
Sudan, as well as it explains the better situation both in human health 
and keeping quality of foods in temperate zones. 
Anaerobic bacteria in carcass meat: 
In this study the prevalence and quantities of anaerobic bacteria 
was detected on all carcasses both at Kadaro Slaughter House and after 
they finally reached the Butchers Shops, see figure 8. 
Meat is known to have a reduced oxidation reduction potential,                  
(Eh = _ 200 mv., which supports the growth of anaerobic bacteria in 
it’s internal aspects, as well as aerobes on the surface where oxygen 
tension is high on the surface. Still the facultative anaerobic bacteria 
can grow at the subsurface region of meat where it is poised to degrees 
that support their growth. That is due to the continuous in flow of 
oxygen from the surface lead by the negative concentration in the 
gradient of oxygen tension from surface inwards. This phenomenon 
other than augmenting aerobic and facultative aerobic bacterial growth 
it also causes black colouration of meat due to oxidation of myoglobin 
(the main soluble protein of meat) to oxymyoglobin (bright red), which 
will further be oxidize to metmyoglobin -which is black red in colour-
.This explains the high perishablity of meat by all types of bacteria as 
well as its organoliptic properties both could be considered Critical 
Points in the HACCP system. 
 Anaerobic bacteria in meat since they are imbedded in side the 
meat and only found within the tissues (were the oxidation reduction 
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potential is negatively poised). They spread after animal death from 
lymph nodes and intestinal tract the only place where these types of 
organisms could be found. Small numbers can contaminate meat from 
hides of dirty animals over carried from lairage dung matter (Lawrie, 
1992). Their hygienic importance is that they cause - bone taint - a 
situation where meat spoils inside out. More over some types of these 
organisms are highly hazardous and can cause severe cases of food 
poisoning e.g. Cl. Perfringens and Cl. Botulinum and their presence 
should always be considered a     Critical Point. 
In this research the Median Numbers of (log10CFU/g) of 
anaerobic bacteria detected on carcasses at both Kadaro Slaughter 
House and Khartoum North Butchers shops were 4.87 and 5.13 
respectively. From numbers it’s clear that there was an increase in the 
Median (log10CFU/g) numbers of the anaerobic bacteria, during 
carcasses were transported from slaughter house to the market and 
displayed for sale, from log10 x (4.87 to 5.13) insuring that anaerobic 
bacterial growth did happened. Though still both levels of numbers 
could  be considered as Critical Points.  
 These types of organisms (other than being pathogenic in some 
cases) are usually found within the body tissues of animals, (mainly 
intestinal tract and lymph nodes) They usually contaminate meat from 
these points - during cutting and evisceration -  and from dung and 
faecal matter on the animal hide. Since they grow as mesophiles or 
thermophiles, the best method for controlling their growth in meat  is 
by Refrigeration of meat to low degrees of temperature at a maximum 
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of 70C as recommended by most international legislatives, (EEC 
Directive 64/433 and subsequent amendments (Cutting, C. 1976). This 
fact is always neglected in Sudanese meat trade and should be 
considered Critical Point . 
  
2) MICROBIOLOGY OF PROCESSED MEAT: 
Introduction: 
The microbiological safety of meat products continues to be a 
matter of concern (Sorensen et al, 2002). Regulatory authorities 
internationally have sought improvement of the microbiological safety 
of meat in general and meat products in particular by requiring 
implementation of the hazard analysis and critical control point system 
(HACCP) at all meat processing plants (Bolton et al, 2001). The 
procedures currently recommended and employed for developing 
HACCP systems in the meat industry are based on subjective 
assessments of the microbiological effects of operations in production 
processes, and of the actions taken to control microbiological 
contamination (Corlett, 1998). However, subjective assessment of 
microbiological effects may be erroneous, with subsequent 
misidentification of critical control points (CCPs). Obviously, any 
HACCP system based on notional rather than real CCPs is likely to be 
ineffective. It has therefore been suggested that HACCP systems at 
meat processing plants should be based on microbiological data that 
allow estimation of the numbers of indicator organisms on product at 
various stages of processing (Gill, 2000). Such an approach to CCP 
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identification has been applied to some parts of the production 
activities at a number of processing places, but not to the whole 
sequence of processes, from slaughter to grinding, for the production of 
meat products at any processing plant. In this research, these processes 
were examined to determine if enumeration of indicator organisms 
could indicate unambiguously the CCPs for processed meat production 
and to identify where in the production processes better control over 
microbiological contamination would result in an improved 
microbiological condition of meat products.  
The (HACCP) system recommends that food products should be 
investigated and traced for their hygiene from the beginning at 
production to consumption at table, (Codex Alimentarius, 2001), the 
next critical points studied in this research, in the journey of meat, also 
determine the hygienic situation of processed meat products.  
In the four products investigated (Minced meat, Beef burger, 
Dried meat and Sausage,) Table (20), showed both the total numbers 
and the median number of Bacteria (CFU/g) detected on 10 samples of 
each of these products. The degrees of contamination of meat and meat 
products by, yeasts and moulds were also investigated in this study.  
Generally when meat is processed to any other product some 
major parameters which affect microbial growth are altered affecting 
both types and numbers encountered in the newly formed products. 
Certain species of microorganisms – because of their high 
importance in food hygiene, and because they are considered as health 
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hazard and food poisoning microorganisms – are investigated in this 
research. These organisms are: 
Salmonella spp, Escherichia coli, Staphylococcus aureus, and 
Clostridium perfringens. Table (22) showed the percent times these 
microorganisms were detected in meat (sampled from Thin Flanks of 
carcasses at butchers shops) and in processed meat products 
 
1) Minced Meat:- 
   
Minced meat in Sudan _ and any where_ since usually made from 
low grade meat and trimmings of the carcasses - or even some times- 
offal- carry high levels of bacterial contamination. 
The numbers of microorganisms isolated in this research were as 
follows: 
Median number of bacteria                          = 6.65x107/g. 
Median number of anaerobic bacteria         = 5.05x104/g. 
Number of Yeasts and Moulds                    = 3.00x103/g. 
Salmonella spp.                                           = 20 % . 
Escherichia coli                                           = 60 % .  
Staph. aureus                                               = 20 %. 
 Cl. perfringens                                            = 00 %. 
  
 Though high levels of microbial contamination is expected 
normally in this type of product, Gill, et al  (2003) detected 3.11       
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log10 CFU/g-1 , while Fatima Elamin, (1985) detected between 
2.00x106 and 9.9x108 CFU/g ), because of processing techniques, 
handling   and environmental condition plus the initial numbers on the 
originally processed meat , but still the level found in this research is 
above the internationally accepted levels mentioned earlier for both 
levels and types, bacteria - yeasts and moulds (Andrew, 1992). Minced 
Meat also showed the highest contamination level compared to the 
other product (except for yeast and moulds which were not the highest, 
Because the high water activity - aw - in minced meat favours bacterial 
growth).  This confirms the presence of Critical Points needing 
analysis and control measures to be implemented.    
 2) Beef burger:- 
The methodology of manufacturing, processing, and ingredients 
in this product dictates the presence of a certain types of different 
levels of contamination. Beef burger should contain (meat > 70 %; 
Rusk -or any crump carbohydrate material- > 20% seasonings, spices, 
salt and cold water for the rest). All these ingredients according to their 
constituents carry different numbers and types of microorganisms to 
meat e.g. carbohydrates could stimulate the growth of lactic acid 
bacteria, while seasonings and spices – being dried – can add spores of 
bacteria, yeasts and molds. Even the cold water added during mixing if 
not hygienically examined and monitored could add psychrophilic 
bacteria to the final product.    
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The numbers of microorganisms isolated were as follows: 
 Median number of bacteria                          = 4.70x107/g. 
Median number of anaerobic bacteria         = 6.15x104/g. 
Number of Yeasts and Moulds                    = 6.60x103/g. 
Salmonella spp.                                           = 00 % . 
Escherichia coli                                           = 40 % .  
Staph. aureus                                               = 20 %. 
 Cl. perfringens                                            = 10 %. 
  
 Still the numbers of aerobic bacteria are hardly in the 
internationally acceptable level of log10  x107 and x103 for bacteria, and 
for yeasts and moulds respectively) and Critical Points must be 
investigated to determine the causes of contamination and set controls 
for this product because the numbers are reaching their maximum 
limits and in Sudan conditions they might go up at any time due to high 
temperature - which is usually neglected - and other growth promoting 
factors, especially with the presence of Salmonella spp. And Cl. 
perfringens detected in these products.  
 
3) Dried Meat:- 
This meat product is widely used in Sudan especially at rural 
arias. It’s the simplest in processing, and the cheapest method of meat 
preservation. Though there is a newly technically produced dry meat in 
Khartoum, involving the passage of hot dry air on coarsely minced 
meat, and vacum packed , but still the very old technique of drying  
stripped meat under the sun is widely used today in Sudan. This 
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method though very cheap and simple, but still has its drawbacks. Meat 
is usually dried on open air and exposed to all environmental hazards. 
Flies, air and the stripping knives of meat all add microorganisms to 
the final product. But since the final product contain low - aw - this 
often suppress bacterial growth giving better conditions for the growth 
of yeast and moulds and availability of bacterial spores.  
In this research the number of microorganisms detected was: 
Median number of bacteria                          = 5.08x106/g. 
Median number of anaerobic bacteria         = 4.45x104/g. 
Number of Yeasts and Moulds                    = 2.80x104/g. 
Salmonella spp.                                           = 00 % . 
Escherichia coli                                           = 20 % .  
Staph. aureus                                               = 30 %. 
 Cl. perfringens                                            = 00 %. 
 
 
  These figures do need Critical Points to be assigned for analysis and 
extension of research to investigate and propose extra 
recommendations for controls. But generally the microbial numbers are 
within the acceptable levels except for yeasts and moulds which seams 
to be highly favoured by the low water activity of this product and their 
numbers will exceed bacteria inevitably. 
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4) Sausage:- 
Sausage is a natural outcome of efficient butchery. Sausage-makers put 
to good use meat and animal parts that are edible and nutritious, but not 
particularly appealing, such as scraps, organ meats, and fat, and allow 
the preservation of meat that can not be consumed immediately. 
(Sausages are among the oldest of prepared foods. It is often assumed 
that sausages were invented by Sumerians in what is Iraq today, around 
3000 BC, Which consisted of beef, goat and lamb meat, was first 
mentioned in 589 BC).  
Traditionally sausage casings were made of the intestines of 
animals. Today, however, natural casings are often replaced by 
collagen, cellulose or even plastic casings, especially in the case of 
industrially manufactured sausages. 
   The most basic sausage consists of meat cut into pieces or ground 
and filled into a casing such as an animal intestine - sheep intestine is 
usually used in Sudan - The meat may be from any animal, but beef is 
traditionally used. The meat/fat ratio is dependent upon the style and 
producer, but fat content is limited to a maximum of 30% by weight, 
depending on the style and recipe. The USDA defines the content for 
various sausages and generally prohibits fillers and extenders. 
Most traditional styles of sausage from Europe and Asia use no bread-
based filler and are 100% meat and fat (excluding salt and other flavorings, 
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such as herbs).  In the Sudan, UK, and some other countries, bread and 
starch-based fillers can account for up to 25% of ingredients. 
Microbiologically, contamination is usually from the row processed 
meat, ingredients, cutting and mincing tools, casings – especially when 
intestine casings were used – plus other contaminating factors. Sausages 
are usually incriminated as a source of the food borne Enterobacteriaceae 
microorganisms.  
In this research the numbers of microorganisms isolated were as follows: 
Median number of bacteria                          = 6.14x107/g. 
Median number of anaerobic bacteria         = 6.90x104/g. 
Number of Yeasts and Moulds                    = 7.25x103/g. 
Salmonella spp.                                           = 10 % . 
Escherichia coli                                           = 40 % .  
Staph. aureus                                               = 50 %. 
 Cl. perfringens                                            = 10 %. 
  The general level of bacterial counts were found at the maximum 
level allowed internationally  – FAO, (1992) which accepts levels of 104 to 
107/g for aerobic plate counts (APC) – and 104 for yeasts and moulds. 
Salmonella spp. are usually not accepted at any level in food products.      
E. coli is allowed up to 500/g. only and its content in this research – though 
not given per gram – but still seam higher than the recommended level.   
The Cl. perfringens and Saph. Aureus maximum accepted level in food     
is < 104 /g. Since Staph, aureus is a usual contaminant of human skin, nose, 
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and tonsils it’s presence in this product at 50% level reflects bad personal 
hygiene and it worth mentioning that these organisms ( Staph, aureus, and 
Cl, perfringens) are pathogenic and food poisoning ones. 
E, coli is an indicator for hygiene of all food products, their 40% 
prevalence, together with the 10 % of Salmonella, spp found indicate either 
incorrect cleaning and preparation of intestinal sheep cassings or bad 
personal hygiene of operative.        
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   Recommendations 
Since there were many sources of meat contamination at slaughter 
houses and markets, an integrated approach is needed that involves many 
aspects from breeding, fattening, and transportation of livestock to 
slaughter houses, and  should go further to investigate market conditions 
Making use of the mentioned Critical Points, In this research or in general 
literature.   
A) Transport and holding at abattoirs:-  
Animals can become contaminated externally and infection spread. 
Control steps include: 
(a) Withholding feed for 3-6 hours before transport to reduce faecal 
excreta a time of evisceration. 
(b) Designing vehicles to make cleaning easier and to limit contamination, 
especially for multi-level trucks where faeces can fall onto animals on 
lower decks. 
(c) Cleaning and sanitizing transport vehicles between loads. 
(d) Reducing long-term stress and starvation prior to slaughter, and cold-
wet or hot conditions, which cause glycogen depletion and high pH – 
Dark, Dry and Firm - (DFD) meat and surely limiting shelf life. 
(e) Limiting time in transit and holding to reduce spread of 
enteropathogens (e.g. Salmonellae). 
(f) Cleaning of holding pens and races at lairages to decrease external 
contamination and spread of enteric and anaerobic bacteria.  
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(g) A voiding intermittent feeding and starvation which increase 
susceptibility of ruminants to Salmonellae infection. 
(h) Reducing intestinal fill, particularly of the rumen, to lessen the chance 
of gut breakage during slaughter and reduce burden of ridding these 
contaminating materials. 
B) Slaughter and dressing:- 
 Carcasses and offals are contaminated by microorganisms on the 
hide and skin and in the intestinal tract. The care and skill of workers, and 
the time available to them for hide removal and evisceration, are     
Critical Points in limiting microbial contamination (Mackey and Roberts, 
1993). Workers need training and knowledge of the hygienic implications 
of operations during processing. 
The following factors are among those that should be considered in 
establishing a control program: 
(a) Cleaning and decontaminating equipment before work begins (e.g. 
knives, steels. aprons, and brisket and backbone saws, collection 
containers for offals), provision of equipment and time for workers to 
wash their hands and forearms, and to wash and decontaminate 
instruments during slaughter and dressing. 
(b) Clipping or tying the oesophagus to prevent outflow of ruminal fluid. 
(c) Removing udders of lactating animals before hide removal. 
(d) Reducing, as much as possible, contact of exposed tissue with external 
surfaces of the skin (e.g. flapping and rolling of the skin). 
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(e) Reducing, as much as possible, workers' handling external surfaces of 
the skin and then handling exposed tissue (mechanization of hide removal 
can reduce alternate handling of skin and carcass). 
(f) Exercising special care during the freeing of the rectum and anal 
sphincter to limit transfer of faecal contamination on the hide near the 
anus and on the tail (e.g. wide cut around the anal opening; preventing 
tail contacting tissue), and to limit transfer of contamination from the 
freed rectum of the rectal channel and abdominal cavity (tying rectal 
end and enclosing in a plastic bag). 
(g) Removing rumen and intestinal tract without breakage (proper use of 
brisket saw and abdominal wall with blade turned outwards. use knife 
with bulb point). 
(h) Cutting away visible contamination or any other treatment that can 
effectively remove contamination, since washing will only spread part of 
the contamination. 
(i) Decontaminating carcasses by water of high contact temperature or by 
solutions of food-grade acids (lactic acid is used abroad at 2% 
concentration). 
(j) Promptly removing carcasses, recovered meat (diaphragm, head-meat, 
tails and offals to refrigeration; holding of offals and recovered meat in 
temporary containers in the slaughtering area can permit growth of 
mesophilic pathogens (E. coli, Salmonella). 
(k) Aerobic plate count (30°C incubation) is a useful measure of slaughter 
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hygiene and the bacteriological status of carcasses (Mackey and Roberts, 
1993). Accumulating such APCs as a trend analysis is a particularly 
useful measure of hygiene over time and mandatory in the HACCP 
system – records keeping-. This could be supplemented with testing for    
E.coli as an indication of faecal contamination. Similarly count of 
psychrotrophic bacteria gives an indication of hygiene practices that have 
impact on shelf-life. 
C) Chilling:-  
 Poor control of chilling can lead to large increases in both spoilage 
and pathogenic microorganisms. Some of the factors to be considered in 
the control of chilling are: 
(a) Designing to give uniform air distribution in loaded chillers and 
sufficient refrigeration capacity to reduce meat temperatures in a fully 
loaded chiller and limit condensation. 
(b) Measuring and adjusting the flow and temperature of air during 
chilling (air flow should be at least 0.25 m/s over all parts of the carcass, 
and except during loading, air temperatures should be below 7°C and 
preferably below 4°C). 
(c) Cleaning chiller floors, walls and doors to reduce build-up of 
psychrotrophs (e.g. spoilage microorganisms, Listeria spp.); 
(d) Cleaning drains with care so that L monocytogenes, which can attain 
high numbers in drains, is not spread by the use of high-pressure hoses. 
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(e) Spacing carcasses to allow unimpeded air flow over carcass surfaces 
(ideally spacing should allow 6 cm between nearest parts of 
carcasses). 
(f) Placing lightest carcasses in regions of the chiller where slowest 
cooling occurs. 
(g) Limiting time that chiller room doors are allowed to be open to        
prevent entrance of warm moist air. 
(h) Loading warm carcasses into an area or room away from chilled 
carcasses to reduce the increase in surface temperature and moisture of 
the chilled carcasses. 
(i) Monitoring surface temperature (e.g. I mm deep at a specific carcass 
site) and/or deep tissue temperature (e.g. near the hip-joint or at a 
specified anatomical location) can be used to adjust air temperature 
and speed and control the progress of chilling. 
(j) Requirements that deep temperatures be reduced to 7°C within 24 
hours cannot be met with beef sides – specially in Sudan conditions 
where environmental temperature is usually high - . Chilling beef sides 
to a deep temperature of l2-15°C in 24 hours is adequate to prevent 
growth of mesophiles and permit only small increases (log 1 or less) in 
psychrotrophs, but chilling must be continued for a further 24 hours. 
(k) Cooling offals, legs and head- on racks or in shallow pans to prevent 
growth of mesophilic pathogens (the insulating effects of thick layers 
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permits growth in big masses of meat). 
(l) Cooling rates sufficient to limit or prevent growth of mesophilic 
pathogens (e.g. E. coli, Salmonellae) can be established by knowing the 
temperature history of the product from shortly after removal from the 
carcass till the temperature falls' to about 7oC and calculating the 
expected growth (Gill and Jones, 1992). . 
(m) Aerobic plate count (30oC incubation) is a useful measure of the 
bacteriological status of carcasses after chilling (Mackey and Roberts, 
1993). Accumulating such APCs as a trend analysis is a particularly 
useful measure of hygiene and the effect of chilling over time. Counts of 
psychrotrophic bacteria give an indication of hygiene and chilling 
practices that impact on shelf-life. 
(n) Monitoring air temperature and velocity at several locations in loaded 
chillers is recommended  
D) Storage and transport.  
The following points should be considered when establishing a control 
programme for the storage and transport of carcasses: 
(a) Cleaning chillers and transport vehicles when they are empty, before 
carcasses are loaded, to limit contamination with mesophiles and 
psychrotrophs. 
(b) Ensuring that the refrigeration unit in the transport is functioning 
correctly and set at the temperature required. 
(c) Loading carcasses when their mean temperature is close to the 
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intended carriage temperature, since some of the refrigeration systems in 
transport vehicles used in Sudan are not designed to reduce product 
temperature. 
(d) Maintaining storage and transport temperatures below 70C will 
prevent growth of mesophilic pathogens, but storage at -10C will give 
maximum shelf-life of chilled product. 
 
E) Recommendations at processing:- . 
Since the microbial content of freshly prepared processed meats is 
largely determined by the microbiological quality of the meat used. The 
time and temperature at which this meat is stored before grinding should 
be controlled. If frozen meat is used, it should be tempered to -2 to _ 5°C 
under conditions that limit bacterial proliferation on the surfaces of the 
meat. Other factors to be included in a control program are: 
(a) Equipment coming in contact with the meat should be clean before 
use - especially equipment use for grinding, filling (sausage) or 
separation. 
(b) The temperature history at grinding and cooling should be known and 
controlled. Periods spent above 7 to l0oC may allow growth of 
Salmonellae and E. coli. 
(c) Low meat temperatures during storage and distribution are needed to 
maintain shelf-life and reduce the extent of any growth of psychrotrophic 
potential pathogens. 
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(d) APC (30°C) is a useful shelf-life test for ground (minced) meat 
intended for refrigerated distribution and sale in meat product 
manufacturing in big scales. 
(e) Testing for E. coli in ground (minced) beef has proved useful for 
assessing hygiene at meat plants. It has particular use in raw comminuted 
product intended for cooking (sausage and beef burger) at food service 
establishments or by consumers, when there is a chance of undercooking. 
(f) When experience indicates that the incidence of a pathogen is <1 % in 
samples tested, routine microbiological testing for these pathogens is not 
recommended- HACCP- Codex Alimentarius, (2002). 
 
  
(g) Controls for drying of meat: 
 The most important control steps are strict regulation of the time-
temperature profile during drying and drying to a sufficiently low 
moisture content or –aw-. Other steps that need to be controlled include: 
I) The microbial quality of the raw meat. 
2) Contamination during preparation.  
3) Protection by suitable packaging of the dried product from moisture 
reabsorption. 
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FOOD IN THE HOLY QURAN 
 
In the name of God, Most Gracious, Most Merciful. 
He hath only forbidden you Dead meat, and blood, 
and the flesh of swine.  And that on which any other name 
hath been invoked besides that of God. But if one is 
forced by necessity. Without willful disobedience, nor 
transgressing due limits, Then is he guiltless, For God is t-
forgiving Most Merciful.   
                                         (Sura: Bagara)  (S. II.169-173). 
 
       
In the name of God, Most Gracious, Most Merciful  
   Forbidden to you (for food) are: dead meat, blood,  
the flesh of swine, 
 and that on which hath been invoked the name of other 
than good, that which hath been killed by strangling, or by 
violent blow, or by headlong fall, or by being gored to 
death; that which hath been (partly) Eaten by a wild 
animal; Unless ye are able to slaughter it (in due from) 
that; That which is sacrificed on stone (altars); (forbidden) 
also is the division (of meat by raffling with arrows: that is 
impiety                 
                                                      (Sura: Maida)   (S. V.3-4)               
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In the name of God, Most Gracious, Most Merciful 
           Say:“ I find not in the Message received by me 
inspiration any (meat) forbidden to be eaten by one who 
wishes to eat it, unless it be dead meat, or blood poured 
forth, or the flesh of swim, - for it is an abomination – or, 
what is impious,(meat) On which a name has been Invoked 
, other than God’s” But (even so) , if a person is forced by 
necessity, without willful disobedience , Nor transgressing 
due limits, Thy Lord is Oft-forgiving, Most Merciful.  
                                                (Sura: An’ am) (S. VI.142-145). 
  
 
 
          
 
In the name of God, Most Gracious, Most Merciful. 
       He has only forbidden you dead meat, and blood, and 
the flesh of swine, and any (food) over which the name of 
other than God has been invoked. 
But if one is neither forced by necessity, without willful 
disobedience, nor transgressing due limits, then God is 
Oft- Forgiving, most Merciful. 
                                      (Sura: Nahl)  (S. XVI.  112-116). 
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In the name of God, Most Gracious, Most Merciful 
     Is it that their faculties of understanding urge them to 
this, or are they but a people transgressing beyond 
bounds? 
 
                                                   (Sura: Bagara)  (S. II .32-36) 
        
In the name of God, Most Gracious, Most Merciful 
And the flesh of fowls, any that they may desire. 
                                                  (Sura: Wagia)  (S.LVI.17-25) 
      
In the name of God, Most Gracious, Most Merciful. 
    It is he who has made the sea subject, that ye may eat 
there of flesh that is fresh and tender, and that ye may 
extract there form or ornaments to wear; and thou seest 
the ships therein that plough the waves, that ye may seek 
(thus) of the bounty of God and that e may be grateful 
                                          (Sura: Nahl)    (S. xvi. 13-14) 
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In the name of God, Most Gracious, Most Merciful. 
 Nor are the two bodies of flowing water a like, the one 
palatable, 
 sweet, and pleasant to drink, and the other, salt and bitter.  
Yet from each (Kind of water) do ye eat flesh fresh and 
tender, and ye extract ornaments to wear; and thou seest 
the ships therein that plough the waves, that ye may seek 
(thus) of the bounty of God that ye may be grateful. 
                                         (Sura: Fatir)  (S.xxxv.11-13) 
 
In the name of God, Most Gracious, Most Merciful. 
Here is a parable of the Garden which the righteous 
are promised: In it are rivers of water incorruptible; Rivers 
of milk of which the taste never changes; rivers of wine, a 
joy to those who drink; and rivers of honey pure and 
clear.  In it there are for them all kinds of fruits; and Grace 
from their Lord. (Can those in such Bliss) be compared to 
such as shall dwell for ever in the Fire, and be given, to 
drink, boiling water, so that it cuts up their bowels (to 
pieces)?       
                                      (Sura: Fat-h)  (S. XLVIII.12-15) 
 
         
In the name of God, Most Gracious, Most Merciful. 
    And verily in cattle (too) will ye find an instructive Sign. 
From what is within their bodies, between excretions and 
blood, we produce, for your drink, milk, pure and 
agreeable to those who drink it.   
                                                    (Sura: Nahl) (S.xvi.65-67 ). 
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In the name of God, Most Gracious, Most Merciful. 
      Forbidden to you ( for food) are: dead meat, blood, the 
flesh of swine, and that on which hath been killed by 
strangling, or by  violent bow, or by  headlong fall, or by  
headlong fall, or by being gored to death; that which hath 
been (partly) Eaten  by a wild animal;  unless ye are able 
to slaughter it (in due from) that ; that which is sacrificed 
on stone (altars); (forbidden) also is the division (of meat  
by raffling with arrows : that is impiety.                
                                                        (Sura: Maida)  (S. V.3-) 
       
  
 
 
In the name of God, Most Gracious, Most Merciful. 
And that we have subjected them to their (use)? Of 
them some do carry them and some they eat. 
                                                   Sura: Fatir (S. xxxv.69-74). 
 
   
 
In the name of God, Most Gracious, Most Merciful. 
      And we gave you the shade of clouds.  and sent down 
to you Manna and quails, saying:  “Eat of the good things 
we have provided for you: “(But they rebelled); to us hey 
did no harm, But they harmed their own souls. 
                                                 (Sura: Bagara)  (S. II.  57-60). 
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In the name of God, Most Gracious, Most Merciful. 
    O Ye people! Eat of what is on earth, lawful and good; 
and do not follow the footsteps of the Evil One for he is to 
you an avowed enemy.   
                                                  (Sura: Bagara) (S. II.  168). 
   
In the name of God, Most Gracious, Most Merciful. 
      O Children of Adam! Wear your beautiful apparel at 
every time and place of prayer: eat and drink: But waste 
not by excess, for God loveth not the wasters. 
                                                (Sura: A’raf ) (S. VII.  28-31). 
   
In the name of God, Most Gracious, Most Merciful 
God has forbidden the things that are evil, not those 
that are good, for these were created for man’s enjoyment.  
The transgressors are those who reject God’s Signs. They 
will have no share in the Bliss of the Hereafter. But the 
righteous will dwell in peace, and the Hope that was 
promised will be theirs. 
                                                         (Sura: Adiyat) (C.84-) 
 
 
In the name of God, Most Gracious, Most Merciful. 
    It is He ho has made the earth manageable for you, so 
traverse ye through its tracts and enjoy of the Sustenance 
which He furnishes: but Unto Him is the Resurrection. 
                                       Sura: Mulk) (S. LXVII. 10-15).  
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In the name of God, Most Gracious, Most Merciful. 
And in the earth are tracts (Diverse though) 
neighboring, and garden of vines and fields sown with 
corn, and palm trees – growing out of single roots or 
otherwise: watered with the same water, yet some of them 
we make more excellent than others to eat. Behold, verily 
in these things there are Signs those who understand! 
                                                     (Sura: Ra’d) (S. XIII.  2-4). 
 
      
In the name of God, Most Gracious, Most Merciful. 
      .He hath only forbidden you Dead meat, and blood, 
and the flesh of the swine, and that on which any other 
name hath been invoked besides that of God. But if one is 
forced by necessity, without willful disobedience, nor 
transgressing due limits, then is he guiltless.  For God is 
Oft –forgiving most Merciful. 
                                                    (Sura: Bagara)  (S. II.  169-
173). 
     
In the name of God, Most Gracious, Most Merciful. 
     He has only forbidden you dead meat, and blood, and 
the flesh of swine, and any (food) over which the name of 
other than God has been invoked. But if one is neither 
forced by necessity, without willful disobedience, nor 
transgressing due limits, then God is Oft- Forgiving, most 
Merciful. 
                                     (Sura: Nahl)    (S. XVI.  112-116). 
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In the name of God, Most Gracious, Most Merciful 
   For those who followed the Jewish Law, We forbade 
every (animal) with undivided hoof, and we forbade them 
the fat of the ox and the sheep, except what adheres to 
their backs or their  entrails, or is mixed up with a bone : 
This in recompense for their willful disobedience: For We 
are true (In Our ordinances). 
                                           (Sura: An’ am)  (S. VI..  145-148). 
 
      
In the name of God, Most Gracious, Most Merciful. 
“Those who follow the Apostle, The unlettered 
Prophet, whom they find mentioned in their own 
(Scriptures), - in the law and the gospel; for he commands 
them what is just and forbids them what is evil; he allows 
them as lawful what is good (and pure) and prohibits them 
from what is bad (and impure); he releases them from their 
heavy burdens and from the yokes hat are upon them. So 
it is those who believe in him, honour him, help him, 
andfollthe light which is sent down with them, it is they 
who will prosper.”     
                             (Sura: An’ am) (S. VI..  156-157). 
  
In the name of God, Most Gracious, Most Merciful 
With the advent of the Holy Apostle, he light and 
guidance which he brought for all mankind from God 
superseded the earlier Law for the Jews.  The good and the 
upright among them followed the new Light, but the rest 
were scattered through the earth. 
                                                           (Sura:Adiyat) (C .87-) 
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In the name of God, Most Gracious, Most Merciful.  
Lawful to you is the pursuit of water- game and its 
use for food, for the benefit of yourselves and those who 
travel; but forbidden is the pursuit of land –game; as long 
as ye are in the sacred precincts or in pilgrim garb. And 
fear God, to whom ye shall be gathered back. 
                                                   (Sura: Maida) (S. V. 96-89). 
 
 
In the name of God, Most Gracious, Most Merciful 
O ye who believe make! Make not unlawful the good 
things which God Hath made lawful for you, but commit 
no excess: for God loveth not those given to excess.  
                                                  (Sura:  Adiyat) (C.74). 
 
         
 
In the name of God, Most Gracious, Most Merciful. 
     Even so, in the eyes of most of the pagans, heir “ 
partners “ made alluring the slaughter of their children, in 
order to lead them to their own destruction, and cause 
confusion in their religion. If God had willed, hey would 
not have done so: But leave alone their inventions.   
                                      (Sura: An’ am)   (S. VI.137-139) 
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In the name of God, Most Gracious, Most Merciful. 
Lawful unto you (for food) are all four-footed 
animals, with the exceptions named: But animals of the 
chase are forbidden while ye are in the Sacred precincts 
or in pilgrim garb: For God doth command according to 
his will and plan. 
                                                (Sura: Maida) (S. V.1-3). 
 
 
 
In the name of God, Most Gracious, Most Merciful. 
      O ye who believe! Kill not game while is in the Scared 
precincts or in pilgrim garb. If any of you doth so 
intentionally, the compensation is an offering, brought to 
the Ka’bam of domestic animal Equivalent to the one he 
killed, as adjudged by two just men among you; or by way 
of atonement, the feeding of the indigent; or it’s 
Equivalent. In fasts: that he may taste of the penalty of his 
deed. God forgives what is past: For repetition God will 
exact from him the penalty. For God is Exalted, and Lord 
of Retribution.   
                                                  (Sura: Maida)  (S. V. 96-98).  
 
         
 
In the name of God, Most Gracious, Most Merciful. 
      O Children of Adam! Wear your beautiful apparel at 
every time and place of prayer: eat and drink: But waste 
not by excess, for God loveth not the wasters. 
                                                   (Sura: A’raf) (S. VII.  28-31)    
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In the name of God, Most Gracious, Most Merciful 
God has forbidden the things that are evil, not those 
that are good, for these were created for man’s enjoyment.  
The transgressors are those who reject God’s Signs. They 
will have no share in the Bliss of the Hereafter. But the 
righteous will dwell in peace, and the Hope that was 
promised will be theirs. 
                                                         (Sura: Adiyat)  (C.84-)                               
 
 
 
In the name of God, Most Gracious, Most Merciful. 
They ask three what is Lawful to them (as food). Say:  
Lawful unto you are (all) things good and pure: And what 
ye have taught your trained hunting animals (o catch) in 
the manner directed to you by God: Eat what they catch 
for you, but pronounce the name of God over it: and fear 
God; for God is swift in taking account. 
                                                      (Sura: Maida) (S.V.4- 5)                                 
 
          
 
In the name of God, Most Gracious, Most Merciful. 
Lawful to you is the pursuit of water- game and its 
use for food, for the benefit of yourselves and those who 
travel; but forbidden is the pursuit of land –game; as long 
as ye are in the sacred precincts or in pilgrim garb. And 
fear God, to whom ye shall be gathered back. 
                                                 (Sura: Maida)  (S. V. 96-89). 
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In the name of God, Most Gracious, Most Merciful. 
      O Children of Adam! Wear your beautiful apparel at 
every time and place of prayer: eat and drink: But waste 
not by excess, for God loveth not the wasters. 
                                                 (Sura: A’raf)  (S. VII.  28-31). 
 
In the name of God, Most Gracious, Most Merciful 
God has forbidden the things that are evil, not those 
that are good, for these were created for man’s enjoyment.  
The transgressors are those who reject God’s Signs. They 
will have no share in the Bliss of the Hereafter. But the 
righteous will dwell in peace, and the Hope that was 
promised will be theirs. 
                                                        (Sura: Adiyat)  (C.84-) 
 
In the name of God, Most Gracious, Most Merciful. 
Of the cattle are some for burden and some for meat: 
Eat what God hath provided for you, and follow not the 
footsteps of Satan: For he is to you an avowed enemy.  
                                     (Sura:  An’am)  (S. VI.139-142). 
 
 
          In the name of God, Most Gracious, Most Merciful. 
And cattle He has created for you (men): from them 
ye derive warmth, and numerous benefits, and of their 
(meat) ye eat.    
                                                (Sura: Nahl)  (S. XVI.  5-8). 
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In the name of God, Most Gracious, Most Merciful. 
    And verily in cattle (too) will ye find an instructive Sign. 
From what is within their bodies, between excretions and 
blood, we produce, for your drink, milk, pure and 
agreeable to those who drink it.   
                                                (Sura: Nahl)   (S.xvi.65-67). 
In the name of God, Most Gracious, Most Merciful. 
       And in the cattle (too) ye have an instructive example: 
From within their bodies we produce (milk) for you in a 
place of rest, firmly fixed; 
                                (Sura: Mu.minun)  (S.XXIII. 18-21). 
 
 
        
In the name of God, Most Gracious, Most Merciful. 
    It is God who made cattle for you, that ye may use some 
for riding and some for food; 
                                             (Sura: Hud (S.XI.  77-79). 
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